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1.1. Introduction 


The CLZ80 is a microcomputer contained on a single board with CPU, memory (ROM 
AND RAM), peripheral interfacing and bus expansion capability for the addition of ex- 
tra memory or peripheral interfaces. 

There are two versions of the CLZ80: the CLZ80-4 and the CLZ80-16. The former has 
a random access capacity of 4096 bytes while the latter one of 16384 bytes. 

The CLZ80 is designed to be used in industrial process control, automatic control, data 
processing and in the arithmetic and logical operations called for in an electronic ter- 
minal. 

The main features of the CLZ80 are: 


It is a low cost processor which offers the possibility of integration into any small or 
medium-sized computing system; 
Direct addressing (multi-mode) of 64K bytes (K = 1024); 
Efficient operation on 8-bit characters obviating the need of rotation, exchange and 
masking where possible; 
Asynchronous operation (by virtue of the WAIT state) which permits the working of 
all elements of the system at maximum possible speed. 
Stack pointer and index register which permit easy use of tabulated data, access to 
sub-routines and response to interrupts; 

* Direct memory access for fast transfer of data to fast peripherals; 

° Sixteen 8-bit registers for general use, two 16-bit registers for addressing of data 
tables plus 4 dedicated registers (PC, SP, |, R) two of which are 16-bit wide; 

* A bus expansion structure which permits the connection of peripherals in a priority 
chain according to interrupt requests and response; 

* Three modes of interrupt response; 
An extensive (158) and powerful instruction set which operates on data of 1, 4, 8 
and 16-bit width; | 
Automatic start-up of programs on switch-on, allowing two available options: starting 
from location OOOOH or from the monitor program MO-Z entry point at FCOOH. 
Printed circuit module compatible with normal European standards; 

* Usage of LSI which results in smaller dimensions and minimal power requirement (~ 5 
watts). 


1.2 Block Diagram 


Fig. 1.2.1 is a block diagram of the CLZ80 microcomputer. 

0 single power supply: 5V @ 1A. 

The nine principal blocks which constitute the system are shown together with their 

internal linking lines. Also shown are the three busses which convey information bet- 

ween the CPU and other blocks. 

Features to note are as follows: 

* The data-bus consists of 8 bi-directional lines and supports all data traffic between 
the CPU and memory or peripherals. 

* The address-bus, which is tri-state, consists of 16 unidirectional lines and supports the 
addressing of memory (including dynamic memory) and of peripherals. 

* The control-bus which distributes timing signals related to the read/write phases of 
memory and peripherals. It also distributes signals necessary for the external control 
of the data and address busses and signals relevant to interrupt requests. 

The “Z-bus” expansion facility which allows the extension of the CLZ80O to include 
extra modules of memory or extra peripheral control. This also includes all interfaces 
which interact, with any external process. 


A knowledge of the electrical and functional characteristics of this Z- bus wil! énable the 
User to design for any particular type of interface. 
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Fig. 1.2.1 - CLZ80 - Block diagram 
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The expansion Z-bus serves to connect the series of modules related to the CLZ80 
which perform functions such as: memory expansion, input/output interfacing, 
floppy-disc control, PROM-programmer etc. 

Connectors J1 and J2 are accessible at the bottom of the CLZ80 module while con- 
nectors J3, J4, J5, JG and J7 are located on top. 


1.3 CPU 

The microprocessor (CPU) used in the CLZ80 module is the Z80 manufactured by 
SGS-ATES with MOS SILICON-GATE technology incorporating the N-channel ion- 
-implantation process. 

Characteristics and salient features may be detailed as follows: 


¢ Availability of 158 instructions including all 78 of the 8080A microprocessor with 
which full software compatibility is maintained. Several of the instructions additional 
to the 8080A instruction set permit 4, 8 and 16-bit operation and the usage of new 
modes of addressing e.g. indexed, relative or singlebit orientated. The latter mode 
makes it possible to address or operate on any bit of memory or internal register. 

¢ 22 internal registers with a total of 207 bits. . 

¢ 3 types of response to interrupt requests on the normal line (BINT) plus one non- 
maskable response on a dedicated line (BNMI). . 

¢ Direct interfacing is simplified for static and dynamic memories with an access time 
of less than 450 nsec. . 

° Clock cyle of 408 nsec; minimum instruction cycle of 1.63 microsecond. 

* Complete and transparent control of dynamic memory (from 4K to 16K) refreshing 
without time penalty. : 


1.3.1 CPU Architecture 
The internal architecture of the Z80 CPU is illustrated in Fig. 1.3.1.1 where the major 
features are highlighted. This figure will be referred to in the description which follows. 


1.3.2 CPU Registers (Fig. 1.3.2.1) 

The Z80 CPU contains 207 bits of memory grouped in 22 registers which are comple- 
tely accessible to the programmer. 

Fig. 1.3.2.1 illustrates the configuration of this memory: seventeen 8-bit registers, four 
16-bit registers and one 7-bit register. All registers are realized with static memory. The 
8-bit registers include two groups of six which may be used individually or in pairs to 
form 16-bit registers. The remaining 8-bit registers comprise two accumulators and two 
flag registers. 


Special Registers 


° Program Counter, PC 


The program counter furnishes the 16-bit address of the instruction to be fetched from 
memory. The value of the PC is automatically incremented once its contents have been 
outputted on to the ADDRESS BUS. Should a jump instruction be encountered in the 
program, the new value of the address is substituted into the PC during execution of the 
instruction in place of the incremented value of the previous address. 


Stack Pointer, SP 


The stack pointer indicates the current 16-bit address at the top of a stack that resides 
in some part of the system RAM. The external memory reserved for the stack behaves 
much like a stack of objects where the last object put in is the first one available for 
withdrawal. Data related to the CPU registers may be deposited or withdrawn using the 
PUSH and POP instructions. The stack configuration permits multiple level interrupts, 
unlimited depth of nesting of subroutines and easy manipulation of tabular data. 
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Fig. 1.3.2.1 - CPU - Registers 
Fig. 1.3.1.1 - Z80 CPU - Architecture 
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° Index Registers, |X, 1Y 


The two registers 1X and lY, which are completely independent of each other, contain a 
16-bit address used for indexed addressing. In this mode of addressing, an index register 
is used as a base to point to a certain area in memory where tabular data or data strings 
may reside. 

Instructions making use of the indexed mode of addressing contain an additional byte 
which defines the deviation from the address pointed at by registers IX and IY. The 
deviation Is expressed as a two’s complement number thus enabling the use of both 
Positive and negative numbers. The programmer is thus able to access data which may 
be lower or higher than the base address in registers IX and LY. 


°* Interrupt Register, | 


The Z80 CPU is capable of making an indirect call to any memory location in response 
to an interrupt. The most significant byte of this address is furnished by the | register 
whilst the peripheral responsible for the interrupt furnishes the least significant byte. 
Programs serving interrupts can therefore be dynamically allocated in any part of me- 
mory without any detrimental effect on the access time. 


°* Refresh Register, R 

In order to make possible the use of dynamic memories (which require refreshing) with 
the same simplicity involved with static memories, the Z80 CPU is provided with a re- 
fresh counter, also known as the refresh register, R. 

This 8-bit counter is automatically incremented after every instruction fetch. Its con- 
tents appear on the least significant part of the address bus along with a refresh signal. 
The external refresh operation occurs while the CPU is busy decoding the instruction 
just read in from memory. This operation does not, therefore, steal any CPU cycles and 
is completely transparent to the programmer. 

It is only for control or maintenance that the programmer need monitor register R. This 
register is otherwise ignored, 


° Accumulator and Flag Registers 


The accumulator is a register in which arithmetical, logical and shifting operations are 
carried out. The flag register, meanwhile, holds information pertaining to the arithme- 
tical or logical Operation in progress or data involved therein (eg., sign, polarity, equa- 
lity, parity etc.). 

The 280 CPU contains two independent 8-bit accumulators, each of which has an asso- 
ciated 8-bit flag register. 

The programmer may choose the combination of accumulator and flag register to work 
with and exchange it for the other combination at any time by means of a simple in- 
struction. The programmer thus has access to either combination. 


* Register for General Use 


The Z80 has two groups of registers for general use. Each group comprises six 8-bit 
registers which may be used singly or doubled up as 16-bit registers. The first group 
consists of registers B, C, D, E, H and L which pair up into BC, DE and HL for use as 
16-bit registers. The second group consists of registers B’, C’, D’, E’, H’ and L’ which pair 
up similarly as BC’, DE’, and HL’. A simple instruction enables the programmer to select 
a particular group any time. 

A typical situation where two groups of registers may be put to use is a system where 
fast interrupt response is desireable. In this instance a combination of one group of re- 
gisters and one accumulator would be used by the main program. On switching to the 
interrupting program a simple context exchange would take place. This produces a nota- 
ble saving in time Compared with the usual practice of saving and recalling contents of 
registers in memory. 
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In general, these registers may be used by the programmer in a variety of applications to 
minimize program execution time and memory utilization. In the case of very small 
systems it may even be possible to eliminate external RAM requirement and use ROM- 


type memory exclusively. 


¢ Arithmetic and Logic Unit, ALU 


The arithmetic and logic unit executes all arithmetic and logical operations that the CPU 
is capable of. Within the CPU, the ALU communicates with other registers and data-bus 
control via the INTERNAL DATA BUS. 

The following are the capabilities of the ALU: 


— addition 

— subtraction 

— logical AND 

— logical OR 

— logical EXCLUSIVE OR 
— testing for equality 

— rotating or shifting (left and right), logical and arithmetic 
— incrementing 

— decrementing 

— setting of a single bit 

— resetting of a single bit 
— checking of a bit. | 


The power of the ALU relates directly to the effectiveness of the CPU and indirectly to 
that of the CLZ80 microcomputer. 


¢  /nstruction and Control Register 


This register is invisible to the programmer but is of vital importance to the activities of 
the CPU. It stores the operation code pertaining to the instruction last read in from 
memory. A decoding of the instruction provides the means of control of internal and 
external traffic concerned with the CPU, and the instruction execution. Read and write 
control signals are generated for internal registers. Also generated are ALU control si- 
gnals and timing signals for interfacing to the outside world (memory and peripherals). 


1.4 Bus Expansion 


The Z- BUS available on connectors J1-2 permits expansion of the system by way of the 
addition of other memory modules or peripheral control modules. The user may connect 
the interfaces and controls bearing in mind the functional, and electrical requirements 
which are detailed in this chapter. 


1.4.1. Z- Bus Expansion signals 


Listed now are all signals related to bus expansion together with a brief description of 
their functions and electrical characteristics. This list will be referred to during the re- 
mainder of this text. 


BADO - BAD15 ADDRESSES 

These are tri-state outputs, active high. BADO corresponds to the least 

significant bit. 

This group of signals represents address information for: 

— RAM memory. In this case all lines are utilized, the total addressing 
capability being 64K bytes (K = 1024) 

— peripherals. Here only the eight least significant lines (BADO to 
BAD7) are used, the addressing capability being 256 peripherals. 
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BDO - BD? 
BM1 
BMREO 
BIORO. 
BIORQ 
BRD 
BWR 


When the address lines are utilized to address a peripheral, the eight 

most significant (BAD8 to BAD15) carry the data byte from the accu- 

mulator. This data may be utilized to either extend the peripheral 

addressing capability beyond 256 or to convey data to the external 

world. 

— refresh address. Here the seven least significant lines BADO to BAD6 
carry information relating to the refreshing counter (register R) for 
driving dynamic memory. 


DATA 

These are tri-state input/output lines, active high. BDO corresponds to 
the least significant bit. 

These eight lines represent a bi-directional bus for data related to me- 
mory or peripherais. 

All data traffic pertinent to the system is carried on these lines. 


MACHINE CYCLE 1 

Tri-state output, active low. 

The signal BM1 indicates that the current CPU cycle corresponds to 
the operation code fetch cycle of an instruction. To follow are other 
cycles relating to the execution of the instruction during which this 
signal will be inactive. 


MEMORY REQUEST 

Tri-state output, active low. 

The activation of this signal indicates that a request to read or write 
data from memory is being made. The address bus now holds the re- 
quired address for the operation in process. 


INPUT-OUTPUT REQUEST 

Tri-state output, active low. 

The activation of this signal indicates that an interrupt request from a 
peripheral for a reading or writing action is present. During the activa- 
tion of this signal, the address lines BADO to BAD7 hold the address 
of the peripheral in question. 


is also involved in another important function related to the recogni- 
tion of an interrupt by the CPU. BM1 and BIOROQ, under normal cir- 
cumstances, never occur together. However, when they do so, their 
coincident occurrence is interpreted by an interrupting peripheral to 
indicate that its request has been granted and that it may output its 
interrupt vector onto the data-bus. 


READ DATA 

Tri-state output, active low. 

This signal indicates that the CPU is ready to read data from either 
memory or a peripheral. 

The signal is therefore used to gate data onto the data-bus. 


WRITE DATA 

Tri-state output, active low. 

This signal indicates that the CPU is ready to write data to memory or 
a peripheral. The data-bus now holds the data to be written furnished 
by the CPU. 
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BINT 


REFRESH 

Tri-state output, active low. 

When BRFSH is active the seven least significant address busses BADO 
to BAD6 hold the contents of the refresh register R. While this signal 
is active, the current BMREO signal should effect a refresh action for 
all dynamic memory in the system. 

Address lines BAD8 to BAD15 are not involved in the refresh ope- 
ration during the period BRFSH is active and hold the contents of re- 


gister |. 


HALT 

Active low output. 
The HALT signal indicates that the CPU has executed a HALT instruc- 
tion and is temporarily stalled meanwhile executing NOP’s (no opera- 
the address of the instruction which follows the HALT instruction. 
The execution of NOP’s during the HALT period ensures that the re- 
fresh of dynamic memory is carried on. 
There are only three events which can force the CPU out of this si- 
tuation: 

— anon-maskable interrupt request (signal NMI) 

- a maskable interrupt (with mask enabled) 

—- a reset request (RESET signal) . 

After servicing the above-mentioned interrupts, the CPU proceeds with 
the execution of the instruction following the HALT instruction. 


WAIT 

Input, active low. 

The signal BWAIT, generated by either memory or peripheral, indicates 
to the CPU that the sender of the signal is not yet ready to send data. 
As a consequence, the CPU freezes activity for the duration of the pre- 
sence of BWAIT. The transfer of data from memory or peripheral is 
thus synchronized with the CPU. 


INTERRUPT 

Input, active low. 

The interrupt request signal is generated by peripherals which have 
completed their function and request the attention of the CPU. 

The interrupt request is accepted by the CPU when the following three 

conditions are simultaneously met: 

- the instruction currently being executed by the CPU, while the in- 
terrupt request occurred, is completed. 

- the internal flip-flop enabling the interrupt request recognition 
process is activated. The activation of this flip-flop is under software 
control. 

-— the signal BBUSRO is disabled. 

The CPU signals the acceptance of an interrupt request to the ex- 
ternal world by way of the simultaneous occurrence of BM1 and 
BIORQO at the beginning of the instruction which follows recogni- 
tion of the interruption. 

The CPU may respond to an interrupt request in th:ee different 
ways which will be illustrated in the section dealing with software. 
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BRESET 


BBUSRO 


BBUSAK 


Non-maskable Interrupt 

Input, active low. 

The non-maskable interrupt line has a function similar to the normal 

interrupt lines with the following differences. 

-- it is always recognized at the end of the current instruction and 
with a higher priority than any normal interrupt that might occur. 

— It is recognized independent of the activation of the interrupt 
enable flip-flop. In practice, the signal BNMI forces the CPU to 
jump to location OO66H at the end of the execution of the current 
instruction whilst saving the contents of the PC in the external 
stack. This allows the return to the interrupted program after exe- 
cution of the interrupting program. 


Reset 

Input, active low. 

The signal BRESET initializes the CPU in the following manner: 

— the program counter is reset 

— the interrupt enable flip-flop is reset 

— register | is cleared 

— register R is cleared. 

During the period of activation of BRESET all control (output) lines 
go to the inactive state, i.e., high. 


Bus Request 

Input, active low. 

The signal BBUSRO permits a bus expansion request from a peripheral 
which wishes to control all busses. It forces the drivers of the CLZ80 
Z-BUS into the tri-state mode at the end of the current machine cycle. 
This makes the corresponding lines controllable from another source 
Connected to them. 


Bus Acknowledge 

Output, active low. 

When active, this output indicates that the bus-expansion request from 
the peripheral (communicated by the activation of BBUSRQ) has been 
granted by the CPU and as a consequence that the EXPANSION BUS 
is now ready for appropriate use by the peripheral. 

The lines referred to are as follows: 

— address lines: BADO to 15 

— data lines : BDO to 7 


Lines that remain active are: BHALT, BO, BFCU, 1003, IOEO to 3, 
[OOO to 3, IEI, 1EO, DEI, DEO plus open collector lines BWAIT, 
BINT, BNMI, BBUSRQ, and BRESET. 

Naturally, BBUSAK is always under control of the CPU. 


Machine Clock 

Output, active high. 

This signal line carries the machine clock of the CLZ80 anid is directly 
or indirectly responsible for the sequential operation and timing of all 
Operations. 
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BFCU CONVERTOR CLOCK 
Output, active high. 
This signal serves as a clock source for any DC-DC convertors present 
on the EXPANSION BUS of the CLZ80. 


1003, IOEO to 3, |OUOto 3 PERIPHERAL DECODE 
Outputs, active low. 
These outputs result from the decoding of several address lines (ref. 
Fig. 1.4.2.1b) and are used to facilitate connection of interfaces and 
special controls. Examples of the usage of these signals will be made in 
the section covering interfacing. 


IEI, 1EO INTERRUPT ENABLING 
[El : input, active high 
[EO : output, active high 
These two signals pertain to the input and output of the priority inter- 
rupt chain. The use of these signals in conjunction with mode 2 inter- 
rupts permits the creation of a priority chain to serve interrupt re- 
quests from peripherals on the EXPANSION BUS of the CLZ80. 
It may be that a peripheral lodged physically closest to the CLZ80 is 
given a higher priority than one further away. Interrupt requests are 
thus managed in an orderly way even if two requests occur simulta- 
neously. 


DEI, DEO BUS ENABLING 
DEI : input, active high 

DEO : output, active high 

These signals pertain to the input and output of the bus-expansion re- 
quest priority chain. Functionally, these lines are similar to the inter- 
rupt enable lines IEI, IEO. Their function is therefore the organization 
of bus-expansion requests that might arise simultaneously from more 
than one peripheral. 


1.4.2 Electrical characteristics of the Z-BUS 


This paragraph deals with all the information relative to the characteristics of the Z-BUS. 
Figures 1.4.2.1(a) and (b) illustrate that part of the CLZ80 which is concerned with the 
driving and control of the Z-BUS, the integrated-circuit devices used being indicated. 
Electrical connections made to the Z-BUS may be broadly classified in five categories, 
shown in Figs. 1.4.2.1 (a) and (b) as encircled numbers. 

Category (1) pertains to lines driven by tri-state drivers which can sink (to ground) a 
maximum current of 24mA at up to O.5V and source (from the +5V supply) a current 
of 2.6mA at a voltage greater than 2.4V. A typical device is the T74LS367. 

These drivers are forced into the tri-state mode when BUSAK is true. 

lt is important to prevent lines belonging to category (1) from being driven by more 
than one driver simultaneously. 

Category (2) pertains to bi-directional lines (typically the databusses). Drivers of these 
lines are similar to those for Category (1) while receivers connected to these lines are 
normally T74LS devices with a source current of 0.36mA in the low state (less than 
0.4V) and a sink capability of 20UA in the high state (greater than 2.7). 
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Fig. 1.4.2.1 a - Circuit diagram showing connections to the expansion bus of the CLZ80 Fig. 1.4.2.1 b - Circuit diagram connections to the expansion bus of the CLZ80 
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Fig. 1.4.2.2 - Connectors J1-J2 of the expansion bus 
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Fig. 1.4.2.3 - Connectors J4-J5-J6-J7 on the front of the CLZ80 
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Devices with a higher input impedance and input hysteresis may also be used to advan- 
tage as receivers (e.g., MOS devices or line receivers). In the specific case of the CLZ80 
the T74LS365BI is used for driving as well as receiving, these being controlled by in- 
ternal signals DBIN and DBOUT such that both are never active simultaneously. 
Category (3) pertains to lines which can only be driven internally by the CLZ80 and not 
by other modules on the Z-BUS, these modules only being users of these lines. Drivers 
used are similar to those for category (1) with the difference that they are not allowed into 
the tri-state mode. 

Category (4) pertains to lines which may be driven to the low state by any module 
connected to the Z-BUS. These are known as open-collector lines and are so called 
because of the open collector devices that drive them. The T74LS38BI is one such device. 
However, any opne-collector device which can sink more than 8mA at a voltage lower 
than 0.5V is suitable for use here. 

Each of these lines performs a WIRED-OR function, the inputs being available to the 
modules connected to the Z-BUS. | 

Pull-up resistors are grouped together on the CLZ80 as illustrated in Fig. 1.4.2.1 (a). 
Category (5) pertains to service lines, priority-interrupt lines and access lines to the 
EXPANSION BUS. 

These lines carry signals generated by the CLZ80 which may be used by the other 
modules. Logic levels are consistent with the T74LS series. Each line can therefore serve 
up to ten receivers of the same series. Should a load of greater than this ever be needed 
it is important to choose devices with higher input impedance. 

Table 1.4.2.1 presents all information relating to the EXPANSION-BUS at a glance. In- 
dicated are: 

(a) the name of the line 

(b) function of the tine 

(c) category 

(d) pin of connector J1 or J2. 

Fig. 1.4.2.2 illustrates the physical position of connectors J1 and J2 for the EXPAN- 
SION-BUS. 
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Table 1.4.2.1 


Function 


5V Supply + 2% 

Memory Request 

Input-Output Request 

Read from memory Data or Peripheral 
Write te memory or peripheral 
Machine Cycle 1 

Retresh Cycle 

Bus Acknowledge 

Bus Request 

Halt 

Wait 

Interrupt Request 
Non-maskable Interrupt Request 
Reset . 

Machine Clock 

Conversion Clock 


Partial Address Decode (3, 4, 5, 6, 7) 
for lines BAD2, BAD3, BAD4. 


Power Supply return 
Least significant bit 


Data Lines 


Most significant bit 
Least significant bit 


Address Lines 


Address Decode for lines BADO, BADL 


Cat. 
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Pin 


J1-1ac/J2-1ac 
J2-22c 
J2-21c 
J2-13¢ 
J2-14c 
J1-15c 
J1-11c 
J1-20c 
J2-25c 
J1-18c 
J2-26c 
J2-24c 
J2-23c 
J1-28c 
J1-17c 
J1-8c 
J1-24c 
J1-23c 
J1-22c 
J1-21¢c 
J2-5c 
J2-6c 
J2-8c 
J2-9c 
J2-11c 
J1-16ac/J2-16ac 
J2-3ac 
J2-4ac 
J1-32ac/J2-32ac 
J1-27c 
J1-26c 
J1-25c 
J1-29c 
J*-30c 
J1-31c 
J2-12c 
J2-10c 
J1-3c 
J1-7c 
J1-6c 
J1-3c 
J1-4c 
J1-5c 
J2-30c 


Table 1.4.2.1 (continued) 1.5 WNon-volatile memory ROM-PROM-EPROM 


Address Lines 


The CLZ80 permits the user a choice of four options regarding the use of non-volatile 
memory such as ROM, PROM and EPROM. 

Table 1.5.1. illustrates four possible combinations with four different devices, two of 
which are EPROMs, one a ROM and the other a PROM. Available on the CLZ80 board 
are four 24-pin DIL sockets to accomadate the chosen devices. Links are made (as per 
table 1.5.1) according to the device. Fig. 1.5.1 indicates the physical locations of the 
links in question. Note in particular that 2K x 8 bit devices such as the M2716 and 
M231G6E occupy different sockets for a particular memory area as compared to the 1K x 
8 bit devices such as the M2708 and 6381. The former devices allow a total non-volatile 
memory content of 8K bytes while the latter allow 4K bytes. As the CPU can address a 
total of 64K bytes, it is further necessary to allocate non-volatile memory to the desi- 
dered segment in memory. This is made possible by the provision of links on the CLZ80 
board. Tables 1.5.11 and 1.5.11! show the required connection of links for allocation to 
any segment of memory. 
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Table 1.5.1 
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6381 

2716 . AK to 6K 

2316 AK to 6K | 2K to 4K | 6K to 8K 


Table 1.5.11 


~ E-P-ROM 
Confines (4K) 


| 12K to 16K 
| 16K to 20K | 20K to 24K | 24K to 28K | 28K to 32K 
32K to 36K | 36K to 40K | 40K to 44K | 44K to 48K 
A8K to 52K | 52K to 56K | 56K to GOK | 6OK to 64K 


16K to 24K. | 32K to 40K ; 48K to 56K 


E-P-ROM 
Confines (8K) 


8K to 16K | 24K to 32K | 40K to 48K | 56K 1o 64K 


22 23 


Fig. 1.5.1 - Links pertaining to non-volatile memory 
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1.6 RANDOM access Memory: RAM 


The CLZ80 permits the user a choice of two operations with regard to board RAM 
capability. The first option, using the M4027 dynamic RAM allows a 4K byte capacity: 
the second, using the M4116 dynamic RAM allows a 16K byte capacity. Table 1.6.1 
shows the links that are to be made for either option. 

Tables 1.6.11 and 1.6.111 show the links that are to be made to locate the 4K or 16K 
byte segment of RAM in various sections of the available 64K byte address space. Fig. 
1.6.1. indicates the physical locations of the links in question. 

The refreshing of dynamic memory is automatic and completely transparent to the pro- 
grammer. It is only necessary for the programmer to remember that should the CPU 
release control of the Z-BUS, the refreshing mechanism stops and must be taken over by 
the peripheral which has gained control the Z-BUS. 


Table 1.6.1 
RAM Selection Link Memory area 
H 
| 
p 4116 42-43 - 44 16K x 8 


Table 1.6.11 


RAM 
Confine (4K) 
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Table 1.6.111 


RAM 16K 
. 31-11 31-12 31-13 31-14 
oto 16k | 16k 032K | 32K t048K | 48K 10 64K 
25 


36K to 40K 


Fig. 1.6.1 - Links pertaining to RAM memory 1.7 Serial Interface Unit 


The serial interface included in the CLZ80 permits serial interconnection in. the follo- 
wing three modes: 
TABLES 1.6.1-1.6.11-1.6.11 | (a) RS232-C standard compatible 
(b) standard telegraph 20mA (TTY) compatible 
(c) TTL compatible. 
The selection of any of these modes is effected by making links as per table 1.7.1. The 
interface is capable of driving a small paper-tape reader on the serial output. 
Baud rate selection may be made by making links as per table 1.7.11. 
Software contro! of the serial interface may be effected with or without interrupt. The 
manner of control is selected by making links as per table 1.7.1II. 
The physical locations of the links in question are shown in Fig. 1.7.1. 
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Fig. 1.7.1 - Links pertaining to serial interface unit 
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1.8 Cassette Interface Unit 


The CLZ80 may be connected to upto two audio cassette recorder units. Programs or 
lists of characters may be read into memory from cassette or recorded from memory 
onto cassette. Programs may also be assembled, and new programs created with ample 
scope for “‘editing”’. | 

Connector J3 is devoted exclusively to the connection of two cassette units. The input 
sensitive needed for each cassette unit is 10 to 50mV, potentiometer R54 on board the 
CLZ80 or external resistive networks being used to make adjustments. The output of 
each cassette should be 300-400mV and if this is exceeded, a resistive pad should be 
used before connection. 

Automatic Gain Contro! (AGC or AVC) must be disabled either by switching it off or 
by modification of the internal circuitry of the cassette unit. 

The interface also controls the tape transport mechanism of the cassette unit by way of 
the ‘REMOTE CONTROL’ pin thus permitting the organization of recorded data into 
‘“files’’. With this pin unconnected, the cassette unit should work normally, but should it 
be connected to ground the tape transport mechanism should not rotate. 

Data is recorded onto tape at a baud rate of 600 (60 characters a second) and the 
format of serial data is under control of the serial interface unit (refer to paragraph 1.7). 
Information relating to the programming of the serial unit is detailed in paragraphs to 
follow. 

Table (1.8.1) illustrates the connection of links to enable tape transport control of units 
1 and 2, Fig. 1.8.1 indicating the physical locations of the links. 

/t is recommended that use be made of special cassettes for “DIGITAL” applications in 
order ro minimize errors in recording of data. 


Table 1.8.1 


Cassette control 


Cassette 1 


Cassette 2 
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1.9 I/O Peripheral Selector 


Fig. 1.8.1 - Links pertaining to magnetic interface unit | 
The CLZ80 includes decoding circuitry for 32 peripheral addresses (out of a possible 
256 addresses). The first 12 addresses are reserved for internal addressing of the serial 
unit (paragraph 1.7) and the I/O ports (paragraph 1.10), the remaining 20 being availa- 
TABLE 18 ble to the user. These 20 positions are selectable by the use of a simple 2-inout AND 
a gate operating over any two of nine lines available in the Z-BUS. This arrangement mini- 
mizes the need for external 1/O decoding circuitry. 
Table 1.9.1 illustrates how 32 peripheral addresses are obtained. The numbers of the 
peripherals are expressed in hexadecimal to facilitate program writing. 
The base of the block of 32 addresses is relocatable in eight sections reserved for peri- 
pheral addressing. Table 1.9.11 elucidates how this may be done by connecting the 
proper links. The physical location of the links in question appears in Fig. 1.9.1. 
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Fig. 1.9.1 - Links pertaining to |/O peripheral selector 


TABLE 1.9.1 


—_— 


6! 


“. 


af. 
f ra 


Dery 


4 


00 O°) 


4h 


es) 


7 on © om @ 
| f 4 
@c8335 

1 
7 


@ £Zi2) 


C=aaa 


rv e) €.129 


€ £135 vo $x) 
e 


@cras 


crear ys) CHT 


Gres 


a2 


q 


wtb 
oda 9 


udd 
€xda3 


aus 
rare ¢ a) 


J 
ail 
ao vc ee 2s | 


Qke- 


Q39 


AY 


1.10 1/O Ports 


The CLZ80 provides the user with a facility of interfacing directly to the outside world 
without any need of a dedicated interface. Four 8-bit ports are provided with the faci- 
lity of using them either as inputs or outputs in any combination. 

Each port contains, in addition to the 8 data-lines, two synchronization or handshaking 
lines FLPA (B, C, D) and STPA (B, C, D). The FLP lines indicate the availability of the 
port to transmit or receive data while the STP lines indicate the availability of the ex- 
ternal user for the port to transmit or receive data. 

A following paragraph will give further details regarding the programming and timing 
requirements of the ports. Ports A and B are available on connector J6 while ports C 
and D are available on connector J/7/. 

When a port outputs data, each line can drive one TTL load; when it inputs data it-sinks 
a maximum of 10 WA. 

Note that the higher number pins on connectors J6 and J7 intentionally provide con- 
nections to earth. This is to facilitate earthing of the screens of cables containing hand- 
shake «signals FLPA/B/C/D and STPA/B/C/D. In order to further protect the system 
from external interference it is advisable to use screened cables for the data lines. 


1.11 Characteristics of the Z-BUS 


These paragraphs illustrate the functioning of the Z-BUS in detail in order to enable the 
user to interface correctly to memory, CPU-controlled peripherals or to autonomous 
peripherals which may transmit data directly to memory (DMA peripherals). 


1.11.1 Timing of the CLZ80 


The CLZ80 board executes tasks by sequentially following a limited number cf opera- 
tions directed by the Z-80 CPU. These operations are: 

— reading from or writing into memory 

— reading from or writing to a peripheral 

— recognition of interruptions. 

All instructions are therefore executed by way of a sequential blend of these operations. 
Each of these basic operations may require from three to six clock periods (signal BO) 
for completion. Should a slow memory or peripheral be in use, the number of clock 
periods will increase. This is simply because the CPU will need to ‘freeze’ its own 
activities while awaiting the arrival of data. This freezing is effected by the activation of 
the BWAIT line by memory/peripheral. 

Clock periods are hereafter referred to in this text by T cycles (T1, T2 etc.) while basic 
operations are referred to by M cycles (M1, M2 etc.). Fig. 1.11.1.1 illustrates a typical 
sequence pertaining to a hypothetical instruction. Note that three machine cycles (M1, 
M2, M3) are involved. 

The first machine cycle in any instruction is always that which pertains to the fetching 
of the operative code which uniquely identifies the instruction. This cycle (M1) may 
comprise from four to six T cycles (ignoring a possible lengthening of the M cycle 
should the BWAIT line be active). 

The following cycles (M2, M3 etc.) are concerned with the movement of data between 
CPU and memory or peripheral. Each of these cycles may comprise from three to five T 
cycles (again ignoring possible lengthening by BWAIT). 

Paragraphs which follow illustrate the exact timing of all possible machine cycles with or 
without the effects of the presence of BWAIT. 
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A list of machine cycles follows: 

— fetching of the operation code of an instruction 

— writing to and reading data from memory 

— writing to and reading data from a peripheral 

~ requesting and recognizing bus-expansion 

— requesting and recognizing interruptions 

— requesting and recognizing non-maskable interruptions 
— halt instruction. 


Fig. 1.11.1.1 - Example of cycle sequence of an instruction 


T2 | T3 T4 


CYCLE T 


MACHINE CYCLE 


M1 M2 M3 


FETCH OPERATIVE CODE READ FROM MEMORY WRITE TO MEMORY 


INSTRUCTION CYCLE 


1.11.2 Fetching of Operation Code 


Fig. 1.11.2.1. is the timing diagram for machine cycle M1. 

In order to minimize access time to memory, the contents of the program counter are 
outputted onto address lines BADO to 15 at the very beginning of the cycle. 

Half a clock cycle later BMREO becomes active allowing enough time for stabilization 
of the address bus. This signal can therefore be connected to the CHIP-ENABLE input 
of dynamic memory. 

The signal BRD becomes active simultaneously with BMREQ. This signal is used to 
enable data already read or on the point of being read onto the data lines BDO to 7. - 
The CPU samples data present on the data busses during the positive going edge of clock 
cycle T3; the same edge is used by the CPU to disable BMREQO and BRD. This indicates 
that data is read by the CPU prior to the disabling of BRD. 

Cycles T3 and T4 of machine cycle M1 are used for the refreshing of dynamic memory. 
In the meantime, whilst the refreshing action takes place, the CPU proceeds with the 
decoding of the instruction just read in. Should the instruction not involve memory or 
peripheral, the execution of the instruction may also be carried out. 

It is important to note that during cycles T3 and T4 of M1 there is no data traffic 
between the CPU and the outside world. These cycles are therefore dedicated to the 
task of refreshing without any penalty on the execution time of the instruction. 


34 


The refreshing action is accomplished by outputting the contents of register R onto the 
seven least significant address lines (BADO to 6) and activating signal BRFESH. This indl- 
cates to all dynamic memory, independent of their location in the 64K address field, 
that the refreshing action is in progress. It is to be noted that during the period BRFSH 
‘5 activated BRD is not activated in order to avoid data being read onto the data bus. 


However BMREO is activated because it is only during its activation that the address bus 

nts are guaranteed. | 
=a in Fig. "1 11.2.1 that during the negative going edge of cycle T2 the signal BWAIT iS 
not activated. This is on the premise that the memory in use has an access time less 
than or equal to that required by the CPU for normal operation. Should this not be the 
case, it would be necessary to freeze CPU activity by way of the activation ot BWAIT 
during the afore-mentioned clock edge. As illustrated in Fig. 1.1.2.2, i iS possible to 
insert any number of wait states by maintaining BWAIT activated during the negative- 
going edge of T2. When BWAIT is disabled, the CPU proceeds normally onto the follo- 
wing cycles T3 and T4. | 


Fig. 1.11.2.1 - Timing diagram pertaining to an operative code fetch cycle. 
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A list of machine cycles follows: 

— fetching of the operation code of an instruction 

— writing to and reading data from memory 

— writing to and reading data from a peripheral 

— requesting and recognizing bus-expansion 

— requesting and recognizing interruptions 

— requesting and recognizing non-maskable interruptions 
— halt instruction. 


Fig. 1.11.1.1 - Example of cycle sequence of an instruction 


CYCLE T 


AHN cyeLe 


M1 M2 M3 


READ FROM MEMORY WRITE TO MEMORY 


FETCH OPERATIVE CODE 


INSTRUCTION CYCLE 


1.11.2 Fetching of Operation Code 


Fig. 1.11.2.1. is the timing diagram for machine cycle M1. 

In order to minimize access time to memory, the contents of the program counter are 
outputted onto address lines BADO io 15 at the very beginning of the cycle. 

Half a clock cycle later BMREO becomes active allowing enough time for stabilization 
of the address bus. This signal can therefore be connected to the CHIP-ENABLE input 
of dynamic memory. 

The signal BRD becomes active simultaneously with BMREO. This signal is used to 
enable data already read or on the point of being read onto the data lines BDO to 7. 
The CPU samples data present on the data busses during the positive going edge of clock 
cycle 13; the same edge is used by the CPU to disable BMREO and BRD. This indicates 
that data is read by the CPU prior to the disabling of BRD. 

Cycles T3 and T4 of machine cycle M1 are used for the refreshing of dynamic memory. 
In the meantime, whilst the refreshing action takes place, the CPU proceeds with the 
decoding of the instruction just read in. Should the instruction not involve memory or 
peripheral, the execution of the instruction may also be carried out. 

It is important to note that during cycles T3 and T4 of M1 there is no data traffic 
between the CPU and the outside world. These cycles are therefore dedicated to the 
task of refreshing without any penalty on the execution time of the instruction. 


34 


The refreshing action is accomplished by outputting the contents of register R onto the 
seven least significant address lines (BADO to 6) and activating signal BRFESH. This indi- 
cates to all dynamic memory, independent of their location in the 64K address field, 


that the refreshing action Is in progress. It is to be noted that during the period BRFSH 
is activated BRD is not activated in order to avoid data being read onto the data bus. 


However BMREO is activated because it is only during its activation that the address bus 
contents are guaranteed. 

Note in Fig. 1.11.2.1 that during the negative going edge of cycle T2 the signal BWAIT is 
not activated. This is on the premise that the memory in use has an access time less 
than or equal to that required by the CPU for normal operation. Should this not be the 
case, It would be necessary to freeze CPU activity by way of the activation of BWAIT 
during the afore-mentioned clock edge. As illustrated in Fig. 1.11.2.2, it is possible to 
insert any number of wait states by maintaining BWAIT activated during the negative- 


going edge of T2. When BWAIT is disabled, the CPU proceeds normally onto the follo- 
wing cycles T3 and T4. | 


Fig. 1.11.2.1 - Timing diagram pertaining to an operative code fetch cycle. 
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Fig. 1.11.2.2 - Timing diagram pertaining to an operative code fetch cycle with wait state Tw Fig. 1.11.3:1 = Memory read and write eveles 
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1.11.3. Reading of and writing data to memory af 
Fig. 1.11.3.1 illustrates timing diagrams for read and write cycles pertaining to memory. 

The read cycle under discussion now is not to be confused with the cycle M1 concerned BAD 0+ 15 a 
with fetching the operation code. Read and write cycles generally occupy three clock 

cycles provided no wait cycles (TW) are requested by memory. 

Signais BMREO and BRD are used in the same manner as during the fetching of the BMREO 
ope:ation code, the only difference being the access time which may be grater (RAM 


access time). 
During the read cycle, signal BIMREO becomes active when address lines BADO to 15 are RD 


stable: this makes it ideal for use as a ‘“‘chip-enable”’ signal for dynamic memories. 
During the write cycle, notice that BWR becomes active at the same instant at which | (READ) DATA READ 
data to be written to memory appears on the data lines. This may mean that for some | | vi 


dynamic memories it will be necessary to delay BWR with respect to the data lines be- 
fore it reaches the ‘““R/W” pin of the memory chip. This is normally not necessary for | 2 
static memory. Signal BWR becomes inactive during the middle of cycle T3 before the 

address lines change thus meeting the demands of almost all types of dynamic memory. DATA TO BEE WRITTEN 
Fig. 1.11.3.2 illustrates the effect of the prolonging of read and write cycles by the 
BWAIT signal. The cycle illustrated in this figure is functionally identical to that in Fig. 
1.11.3.1. save the freezing of conditions during T2. 

Attention is drawn to the fact that read and write cycles are shown as occuring concur- | 


rently for convenience. This ts, of Course. sever possible in practice. | 
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1.11.4. Reading of and writing data to peripherals 


Fig. 1.11.4.1 illustrates timing diagrams for read and write cycles pertaining to peri- 


oherals. . 

The greatest single difference as compared with reading from and writing to memory iS 
the automatic insertion of a wait cycle not caused by signal BWAIT. We shall refer to 
this cycle henceforth as TW”. 

This supplementary wait state has been inserted because of the short time interval bet- 
ween the activation of BIORO and the instant (the negative-going edge of T2) in which 
the CPU looks for the presence of signal BWAIT. This interval is approximately half a 
clock cycle. 

Should TW* not have been present it would have been very difficult for a peripheral to 
decode its address and then request a normal wait state if required. Signal BWAIT is 
now sampled instead during the state TW”. | 

The remainder of the cycle is similar to that associated. with memory. Signal BRD is 
used to enable data from the peripheral onto data lines BDO to 7 whilst signal BWR 
may be used by the peripheral to enable data present on these data lines into it. 

Fig. 1.11.4.2 illustrated how normal wait states TW may be added by way of the acti- 
vation of the BWAIT line. 

One very important function to be noticed is that address lines BAD8 to 15 are not 
used to address the peripheral (the peripheral is addressed by BADO to 7). These lines 
hold the contents of register A for simple instructions such as those which perform the 
writing of data to and reading data from a peripheral (instructions IN A,(n)and OUT 
(n),A). However, in the case of input/output instructions with indirect addressing via re- 
gister C, these lines hold the contents of register B. 


Fig. 1.11.4.1 - Peripheral read or write cycle 
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Fig. 1.11.4.2 - Peripheral read or write cycle with wait state Tw 
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1.11.5. BUS EXPANSION request and acknowledge 


When a peripheral wishes access to system memory it must effect a substitution of the 
CPU of the CLZ80 and drive the Z-BUS itself. 

Timing diagrams illustrating the above course of action appear in Fig. 1.11.5.1. The in- 
terested peripheral communicates its intention of taking charge of the EXPANSION BUS 
by activating line BBUSRO at_any time. The BBUSRO line is continually sampled by 
(M1, M2 etc.). Should signal BBUSRO be found active, the CPU puts the Z-BUS at 
the disposal of the peripheral at the positive-going edge of the following clock-cycle. 
This is done by forcing all Z-BUS drivers into the tri-state mode (group (1), refer to 
chapter 4, paragraph 2). From this instant the peripheral is responsible for the use of the 
Z-BUS lines for its own access to memory or other peripherals. 

The maximum time required by the CPU to respond to a request for bus expansion 
corresponds to the period of the longest machine cycle. The external controller of the 
Z-BUS may keep contro! for an indeterminate number of clock cycles. 

It is to be noted, however, that should the peripheral request many clock cycles it 
would need to take over the function of refreshing dynamic memory which would other- 
wise lose the information contained. Note also that the action described here is only 
carried out when large amounts of data transfer are involved. 
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Fig. 1.11.5.1 - Request and acknowledge of bus expansion 
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1.11.6 Interrupt request and acknowledge 


Timing diagrams associated with an Interrupt request cycle are illustrated in Fig. 
1.11.6.1. The line BINT is sampled by the CPU during the positive-going edge of the last 
clock cycle pertaining to the execution of every instruction. An interrupt request will 
not be accepted by the CPU if it has not already been proceeded by the software in- 
struction enabling the interrupt flip-flop or if signal BBUSRO is simultaneously activated. 
The CPU may therefore be said to be under software control as regards its ability to 
respond to an interrupt request. Once this software instruction has been executed any 
interrupt request will be serviced. 

When the request is accepted the CPU executes a special M1 cycle. During this special 
cycle, the signal BIOROQ is activated instead of signal BMREO thus indicating to the 
interrupting peripheral that it may load the interrupt vector onto data bus lines BDO to 


7. 
Two wait cycles (TW) are automatically inserted into the interrupt recognition process. 


This ensures that the priority ring circuit has had enough time to settle without calling for 
the use of fast devices. Also the priority ring signal would have enough time to stabilize 
itself and identify which peripheral is to insert the request vector. 

The reader is referred to the sections on software for a detailed explanation of how the 
CPU utilizes the interrupt vector. 

Fig. 1.11.6.2 illustrates an interrupt request and recognition cycle with a additional wait 


cycle TW inserted. 
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Fig. 1.11.6.1 - Interrupt request and acknowledge 
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Fig. 1.11.6.2 - Interrupt request and acknouledge with wait state Tw 
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1.11.7. Non-maskable interrupt request and acknowledge 


' dyes tas f 
Fig. 1.11.7.1 illustrates timing diagrams relating to a non-maskable interrupt request an 


r ition cycle. . | . a a 
catal ERT i not sampled at the end of an instruction cycle but se eile telat 
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quick response. _ . 
BNMI has maximum limit to its duration. 


Fig. 1.11.7.1 - Non-maskable interrupt request and recognition 
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1.11.8 Halt instruction 


Fig. 1.11.8.1 illustrates timing diagrams associated with the HALT instruction. As far as 
software is concerned this instruction appears to suspend all CPU activity but in hard- 
ware a dynamic function is fulfilled which is now described. Each time a HALT in- 
struction is executed the CPU simulates the execution of a series of NOP (no operation) 
instructions thus permitting the refreshing of dynamic memory and also ensuring that 
the CPU remains alert for any bus expansion or interrupt requests that might occur. 
Line BINT is always sampled during the positive-going edge of the clock during T4. 
should the line be found activated (provided the interrupt enable flip-flop has been set) 
the interrupt request is accepted as detailed in chapter 1.11.6. A similar course of action 
ensues with regard to the activation of line BNMI (refer to chapter 1.11.7). Should both 
BINT and BNMI be activated simultaneously the latter is given priority. 

On return from the interrupting program the instruction following HALT is executed. 
The recognition of an interrupt whilst in the HALT state is doubly significant: firstly, 
the interrupting program is executed and secondly the original program which had been 
stopped at the HALT instruction carries on at the end of the execution of the inter- 
rupting program. . 

Line BHALT becomes active during the iterative execution of the NOPs thus signalling 
this state to the outside world. 


Fig. 1.11.8.1 - Halt instruction 
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1.12. Composition of the CLZ80 module 


The CLZ80 module is available in 6 different versions depending on the RAM and 
EPROM provided on the board. 

Table 1.12.1 illustrates the available options with type numbers. For example, the 
CLZ80-4 model is the simplest and the CLZ80-16/8 model the most elaborate available. 
The standard CLZ80 is furnished with a series of links which are already made as per 
table 1.12.11. Should changes be desired as described earlier these link should be broken 
and other links made as appropriate. Small pillars for facilitating the making of new 
links are available on request from SGS-ATES (part code no. A1Z80). 


Table 1.12.1 


RAM Capacity (KBYTES) 
Abbreviation CLZ80../.. 


Capacity @) CLZ80-16 


2K (MO-Z) CLZ80-4/2 CLZ80-16/2 


8K (FR-Z) CLZ80-4/8 CLZ80-16/8 


CHAPTER 3 - ASSEMBLER 


Table 1.12.1 


Function Pre-made links 


een 


EPROM = 2708 1-3-6 
EPROM partitioning 9-18 
60 + 64K 23 - 30 
RAM = M4116 42-43-44 
RAM partitioning 7 
0= 16K ae 
Peripheral code selector : 
0 = 31 32 - 36-3/ 
Serial output line 54-58-65 


(20 mA current loop) 


Serial output baud rate 
56 | 


TTY Reader 


eS Fe 


Cassette 55 -—61 - 62 


BT pe ha ee pe en 
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3.1 Introduction 


The purpose of this chapter is to acquaint users of the CLZ80 with the ASSEMBLER 
program in order that best use be made of it. It is assumed that the reader is already 
acquainted with the instruction set of the Z80 CPU described in chapter 2. A reading of 
this chapter is otherwise advisable as references will be made in the examples cited 
herein. 

Listed below are definitions of certain terms which will be nec 


essary for the understan- 
ding of this chapter: 


STATEMENT : indicates a series of characters which make Up an instruction 
LABEL indicates a name used to identify a statement 
SOURCE 


indicates a number of statements which constitute a program. These 


statements are recorded in symbolic code on either paper or magnetic 
tape. 


Numbers used in this chapter are of two kinds: 


1. Decimal these are indicated by a point (.) which follows the numeral (s) 


e.g., 12. 


2. Hexadecimal these are indicated by the letter H which follows the numeral (s) 


e.g., 12H 


If either (.) or H is missing the assembler will regard the number as a string not a value. 


3.2. Characteristics of the Assembler 


This is a 3-pass assembler. The functions of each pass are detailed in the paragraphs 
which follow: 


3.2.1 Pass 1 


This pass is executed while the source code is bein 
statements is carried out with the resultant out 
which will be described later on. 
picture of errors found, the asse 
Also during this pass a table is c 
their relative addresses. In order t 
assembler keeps track of the nu 


g read. An accurate investigation of all 
putting of all errors found, the format of 

In order to present the programmer with a complete 
mbly process is not halted when an error is located. 
reated in RAM containing all labels found together with 
oO Calculate the address corresponding to each label, the 
mber of bytes involved in each instruction prior to its 
assembly. For example, instruction XOR A would involve one byte whilst instruction 


BIT L, (HL) would involve two. Thus, following every instruction that is to be as- 
sembled, the assembler calculates the relative address of each label. 
As we shall further see, each label can have a maximum of six characters. The assembler 
allots eight bytes per label in the table. The first six bytes are occupied by ASCII code 
characters corresponding to the label in question whilst the last two contain the lower 
and higher parts respectively of the corresponding address. The maximum number of 
labels accepted by the assembler depends on the available RAM. 
A check is made by the software before 
size (4K or 16K). 1024 RAM bytes (1K) 
a) 4K RAM 
— Available bytes = 4096. — 1024. = 3072. 
— Max number of labels = 3072./8. = 384. 
b) 16K RAM 


— Available bytes = 16384. — 1024. = 15360. 
— Max number of labels = 15360./8 = 1920. 


beginning pass 1 in order to measure the RAM 
are used by the assembler as a scratchpad. 
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This calculation is valid for the ROM resident assembler FR-Z. In the case of the RAM 
resident assembler, ASS-Z, a 16K RAM is mandatory and the following relationships are 
valid: 


— Available bytes = 16384. — 5120. = 11264. 
— Max number of labels = 11264./8. = 1408. 


If an attempt is made to assemble a program containing a number of labels bigger than 
the maximum allowed, the error message (TT) is generated and the assembly is termi- 
nated, since the assembly is no longer able to generate a Correct translation of the 
source statements. 


3.2.2 Pass 2 


This pass is correctly executed only if the first pass has already been performed. During 
the execution of the second pass, the source code is read again with the resultant out- 
putting of machine code. It is therefore vital that the first pass be completed: should a 
source code statement refer to a label (e.g., JP 110; LD A, (SAVE); JR Z,XX etc) the 
assembler would require to reter to the label table generated therein. 

Another function fulfilled during the second pass is the signalling of other errors e.g., 
illegal references. For example, in the statement: 


JP XX 


if label XX does not exist in the source program, no reference to it would, of course, 
have been made in the label table. During the second pass, the absence of this label 
would cause the generation of an illegal reference signal. This error signal cannot be 
generated during the first pass as the label referred to might well exist in a part of the 
program yet to be assembled. 

Errors found in the second pass are not printed during execution of the pass but appear 
at the end as a cumulative number. Should the receiving peripheral be a teletype ter- 
minal, errors would be included in the object code tape. 


3.2.3 Pass 3 


This pass is correctly executed only if pass 1 has been accomplished. There are, there- 
fore, two possible legal sequences: 


Pass 2, Pass 3 
Pass 3, Pass 2. 


During the execution of pass 3, the source code tape is read again, resulting in the gene- 
ration of a listing. The listing contains, in addition to the instructions, all the informa- 
tion necessary for the debugging of the program. Errors related to the second pass (il- 
legal references) are signalled again by means of a character preceding the statement to 
which the error relates. In additional to illegal references, errors found during the first 
pass are similarly signalled by a single character which identifies the type of error. Errors 
are not indicated in standard format in order to avoid pages of unequal length, should 
any be found. This is because the standard format would occupy a whole line. 


Pass 1, 
Or, 
Pass 1, 


3.2.4 Command CTRL/C 


This command enables the handing back of contro! to the MO-Z monitor. It Is used 
when the assembler is no longer required and it is desired that another program be Cal- 
led up. 
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3.2.5 Command X 


This command permits the re-selection of input/output peripherals, the assembler being 
re-initiated when the selection is requested. 


Special Characters 


Character Name 


ASCII Code 


7-bit 8-bit 


= 
Carriage Return OD 8D 


Colon 


Horizontal 
tabulation 


TAB 


Left bracket 


Right bracket 


Semi-colon 


OA SA 


3A BA 


| 


Function 


These indicate the end of a 
statement 


Indicates end of a label 


Divides the various fields in 
a statement 


These indicate an “indirect” 
operation 


Divides the two operands 
of an instruction 


Indicates the start of a 
comment 


Sine 2B Arithmetic 
Minus 2D fe. 9) BRERA 
mi ~ 
Point Ze AE Indicates a decimal number 
1 
Apostrophe 2/ A7 Single indicator of ASCII 
character 

7 22 1 A2 


Inverted comma | 


Double indicator of ASCII 
| character 


Note: Special characters that do not appear in this table are illegal and may only be used in the com- 


ment field. 
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Note: ASCII characters ‘blank’ (code QOH) and rubout (codes 7FH or FFH) are comple- 
tely ignored by the assembler. Their presence will neither cause it to generate an error 
message nor prevent it from correct assembly of the source program. 


3.3 Legal Characters 


The assembler recognizes ASClIl-coded characters on the source input. Both 7-bit and 
8-bit (including parity bit) codes are useable, the most significant bit being ignored by 
the assembler in order to render compatibility of all tapes. Not all ASCII characters are 
recognized by the assembler and the use of these should be avoided. 


3.3.1 Alphabet characters 


Only capital characters are legal. These comprise those starting at A (7-bit ASCII code = 
41H; 8-bit ASCI] code = C1H) and ending at Z (7-bit ASCII code = 5AH; 8-bit ASCII 
code = DAH). Lower case characters may be used in the comment field only. 


3.3.2 Numerical characters 


All numericals are legal and comprise those starting from O (7-bit ASCII| code = 30H: 
8-bit ASCI| code = BOH) to 9 (7-bit ASCII code = 39H: 8-bit ASCII = BQH). 


3.3.3 Special Characters - see table on previous page. 


3.4 Statement Formats 


The source code comprises a series of lines of ASCI! code. Each line corresponds to a 
statement and can consist of a maximum of 72 characters. If, during assembly, statements 
containing more than 72 characters are encountered, no error signal is generated; the 
73rd and onward characters are simply ignored. This is because almost always characters 
in excess of 72 constitute part of the comment field and their truncation would not 
preclude the correct compilation of object code. Every statement must be terminated 
with the RETURN and LINE-FEED characters in the order specified. Statements which 
only contain the RETURN or LINE-FEED characters are legal. No compilation of object 
code is, of course, involved but the line will be counted. No statement must exceed a 
line length. Every statement is divided into four distinct fields: 

1) LABEL 

2) OPERATOR 

3) OPERAND 

4) COMMENT 


The LABEL and COMMENT fields are optional and can be omitted without necessarily 
causing compilation errors. The OPERATOR is always required while the presence of 
the OPERAND may or may not be necessary depending upon the instruction in que- 
stion. 

A tew example with cases where the operator requires no operand (left) and where the 
operator requires an operand (right) are listed. 


OPERATOR OPERATOR OPERAND 
oF | OR A 

HALT CP B 

EXX AND (HL) 

RLA RET NZ 

OTIR RL A 
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TY 


sometimes, an operator requires two operands, both of which must appear in the OPE. 
RAND field. Examples: 


OPERATOR OPERAND 
LD A,B 

BIT 1,C 

ADD HL,HL 
SET 2,(HL) 

EX DE,HL 


The four fields are separated from each other by the minimum of one space or one tab. 
The use of more than one space or tab together is legal; so too is the use of a space and 
tab together. In order to obtain a properly-columned listing, the following mode of 
writing the source is advisable: 


LABEL: tab OPERATOR tab OPERAND 1 or 2 tabs; COMMENT 


should the operand contain 8 or more characters, 1 tab is suggested: should there be 
less than 8 characters 2 tabs may be used. 

A tab should be used before the operator if the statement does not have a label: should 
there be no operand, 3 tabs should follow the operator. Following the above rules will 
enable the proper columning of the listing as follows: 


COLUMN 1 9 17 33 
FIELD LABEL OPERATOR OPERAND COMMENT 
Examples illustrating the above now follow. 

The character ‘|___' indicates a tab: 

REYED*s Goal t2 hed i: oe -LOAD REGISTER A 
=— NOP Lo Ld Le! ; NO OPERATION 

T1 ¢ Leel BI 1,(IX+2CH) L__| ; TEST BIT 1 

L.__| JR L__ Z,KEYED L__| L__|: JUMP IF 0 


Let us now examine the characteristics of each field in detail. 


3.4.1 Label 


A label consists of a name created by the user for the purpose of identifying a particular 
statement. During pass 1 the compilation of a label results in the generation of a value 
which corresponds to the eventual location in memory of the instruction referred to. 
This value will appear in the symbol table. Each label pertains to one particular sta- 
tement. Clearly, labels must not be duplicated. Restrictions pertaining to the choice of a 
label are as follows: 


A) it must not contain more than 6 characters. 


B) characters used must be alphanumerics i.e., letters A to Z and numbers 0 to 9. A 
label may begin with either a letter or a number. 


C) it must end with a colon (:). This character is not counted and is hence considered 
in addition to the allowable maximum of 6 characters. 


D) it must not end with the letter H if the characters preceding form a hexadecimal 
number. Let us examine an example: 


AB6H 
This label is illegal because the compiler cannot distinguish it from the hexadecimal 
number AB6. Should the programmer use it, for example, in the statement: 
JP AB6H 
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the compiler would not know whether the programmer intended a jump to the in- 
struction. in memory address QAB6 (hexadecimal) or to the address corresponding to 
label ABGH. Examples of legal labels: 

ABXH: 

12Hb5: 

123XYH: 


The following table shows some illegal labels and the reason why they are so: 


Label 


Reason for illegality 


ABC1234: More than 7 characters 


ABS$X: Contains a non-alphanumeric character ‘“$”’ 


12ACH: Terminates with character ‘H!’ whilst preceding 


characters form a hexadecimal number 


Does not terminate with ‘7: 
3.4.2 Operator 


The operator is that part of a statement that defines the action performed by the in- 
struction. All types of operators which generate the machine code of the Z80 have been 
described in chapter 2. In addition to these there are a few which fall into the class of 
‘pseudo-instructions’. These are as follows: 


ORG 
DEFB 
DEFW 
DEFS 
DEFM 
END 
EQU 


and are described in detail in paragraph 3.6. The operator is preceded by a label when it 
is desired that reference be made to it from other points in the program. It is followed 
by one or two operands according to the type of instruction in question. Two of the 
pseudo-instructions, namely ORG and END, cannot be preceded by a label as they do 
not generate any binary code. 

The compiler recognizes a space or a tab as the end of the operator field. 


3.4.3. Operand 


The operand contains the variables which the operand must manipulate or evaluate. 

The operand field may or may not be occupied and there are, in fact, certain instruc- 
tlons and pseudo-instructions which do not require it. Chapter 2 gives information re- 
garding the various instructions. There is only one pseudo-instruction, END. which. in 
some Instances, does not require an operand. | | | 
The operand field may contain one or two operands. When two operands are required 
they are separated by a comma. Neither tabs nor Spaces are acceptable preceding or 
succeeding the comma. 

The operand is considered terminated when a space or a tab is encountered. It is im- 
portant to remember that an operand field can exist only if there is an operato: field 
An operand field without its related operator field is illegal. | 
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3.4.4 Comment 


The comment follows the operand field and finishes at the termination of the statement. 
It is always initiated with a semi-colon (;) character and terminated with a carriage 
return. All ASCil-code characters are acceptable within the comment field with the 
exception of the carriage return and line-feed. This is the only part of a statement that 
bears no compilation and has no effect on it. Should the comment exceed 72 characters 
it can be continued onto the next line, initiating this next line with a semi-colon (:). 


3.4.5 Legal Formats 


A statement comprises the different fields, all of which are not always necessary. The 
foilowing table shows the various legal combinations of fields: 


1) LABEL : OPERATOR OPERAND ; COMMENT 
2) OPERATOR OPERAND ; COMMENT 
3) OPERATOR OPERAND 

4) OPERATOR 

5) LABEL : OPERATOR OPERAND 

6) LABEL : OPERATOR 

7) ; COMMENT 
8) OPERATOR ; COMMENT 
9) LABEL : OPERATOR ; COMMENT 


All other combinations are illegal. In particular, it must be remembered that a label fol- 
lowed by only a comment is illegal as the label would then have no instruction to refer 
to. 


3.5 Instructions 


All legal instructions accepted by the assembler appear in Appendix A at the end of the 
chapter. A large part of these are already fixed as detailed in the following examples: 


ADC A,(HL) 
LD A,B 
INC IX 

JP (1Y) 


Clearly, these instructions can only be written as shown above. The two brackets indi- 
cate that the value contained within them refers not to the operand but to the address of 
the operand. 

There are other instructions whose format is not standard as detailed below. 


3.5.1 IX+OFF, 1YtOFF 


In all instructions where registers IX and IY plus the offset appear as operands, the 
offset may be described in different ways: 


1. Decimal 

Here the number must be followed by a point (.). For correct compilation the number 
must be between —128, and +127. An error signal is generated when the absolute value 
of a numeral exceeds that containable in a byte i.e., 255. 

It is worth remembering that if the number is between +127. and +255. or —128. and 
—255. the offset changes sign. 
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For example, 

LD A (IX+128.) 
is compiled as if 

LD A (IX—128.) 


had been written. This is because +128. and —128. are respectively OO80H and FFS8OH. 
Considering only the lower significant byte they are indistinguishable. 


2. Hexadecimal 


Here the number must be followed by an H. An error signal is generated if the number 
cannot be contained in a byte i.e., higher than FFH. The discussion regarding decimal 
numbers is again valid here should a number be between +7FH and +FFH or between 
-80H and —FFH. In fact, 


LD A,(IX+80H) 
and 
LD A,(1X— 80H) are equivalent. 


3. Label 


In this case a value must be assigned to the label, somewhere in the program, using the 
EQU pseudo-instruction, as in the following example: 


ABC: EQU 100. 
LD A,(IY—ABC) 


The two statements are equivalent to the following one: 
LD A,(IY—100) 
A decimal or a hexadecimal can be assigned, according to the rules defined in par. 
3.5.1.1 and 3.5.1.2. 
An offset value can be omitted; in this case no error warning is given and the offset is 


considered equal to zero. 
The statement: 


LD A, (IX) 


in thus equivalent to: 
LD A, (IX + 0.) 


The following examples are all correct: 
BIT 1, (IX+ 0.) 
LD B, (IX — 6BH) 


AND T¥ + QEFSET} 
RRC (1Y — XYZH) 
SET 6, (IX) 
OFFSET: EQU 100. 
XYZH: EQU —5H 
04 


3.5.2 NN 


NN represents a value which can be contained in a 16-bit word. The number may be 
expressed in decimal or hexadecimal form or as a label. In the case of a decimal num- 
ber, its value may lie from QO. to 65535.; in hexadecimal from OH to FFFFH. If expres- 
sed as a label, the label must be defined at some point in the program. 

A particular case is represented when two characters are preceded by two inverted com- 
mas. 

For example, 


LD HL,““AB 


This indicates that NN is formed by two bytes containing the 7-bit ASCI! code of the 
two characters, here A and B, following the inverted commas. The first character (in 
order of writing) represents the most significant and the second the least significant part 
of NN. 

The same action is carried out by the instruction: 


LD HL,4142H 


where 41 and 42 represent the hexadecimal value of the ASCII codes for characters A 
and B respectively. 
This facility benefits the programmer who would otherwise have to write the ASCII 
code of the characters. All characters are legal with the exception of RETURN and 
LINE-FEED. 

Should the number NN be preceded by a ‘—’ sign, the value compiled would be the 
two's complement of NN. Should NN be represented by a label which corresponds to a 
negative value and if NN it itself preceded by a ‘—’ sign, the value compiled will become 
positive. To clarify, let us examine an example. 


ABCD: EQU —1000H 
LD HL,—-ABCD 


The label ABCD is equated to —1000H i.e., FOOOH. 
The value compiled is, however: 


—ABCD = — (—1000H) = 1000H. 


Some examples: 


BEGIN: LD HL,1359. 
ROUT: LD BC,—674AH 
LD SP, STACK 
JP BEGIN 
STACK: DEFS 10. 
CALL ROUT 


LD DE,"12 


3.5.3 N 


N represents a value which can be contained in an 8-bit byte. The number may be expres- 
sed in decimal or hexadecimal form or as a label. In the case of a decimal number its 
value may lie from 0. to 255.; in hexadecimal from OH to FFH. If expressed as a label, 
the label must be defined at some point in the program. 

A particular case is represented when a character is preceded by an apostrophe. 

For example, 


LD A,'1 
55 


This indicates that the value of N is the 7-bit ASCII code of the character following the 
apostophe. The same action is carried out by the instruction: 


LD A,31H 


where 31H represents the hexadecimal value of the ASCII code for the number 1. All 
Characters are legal with the exception of RETURN and LINE-FEED. Should the num- 
ber N be preceded by a ‘—’ sign, the value compiled would be the two’s complement of 
N. Some examples involving the correct usage of N now follow: 


LD A, 10. 

LD gh. 

CP ‘A 

OR —51 

SUB LABEL 
LABEL: EQU 76H 


3.5.4 DIS1, DIS2 
DIS1 and DIS2 follow the same rules for NN. 


3.6 Pseudo-Instructions 


Pseudo-instructions are statements which do not by themselves generate Z80 machine 
code but which serve to give directives to the Assembler. Each program must contain at 
least two pseudo-instructions (ORG and END); use of the others may or may not be 
necessary. 


3.6.1 ORG XX 


Serves to indicate to the assembler the address at which compilation of the ensuing sta- 
tements must start. Should this pseudo-instruction be overlooked during the writing of 
the program, the assembler begins compilation starting from address O. 

XX may be represented by a 16-bit word and obeys the rules laid down for NN-type 
quantities. 

There can be other ORG’s within the program. In such instances, compilation continues 
from the new address indicated by the pseudo-instruction. 

As an example let us examine a case which is commonly encountered i.e., the loading 
into memory of constants adjacent to the locations where the program resides: 


ORG 66H 

JP NMINT 

ORG 200H 
START: LD —sSP,START 


In the above example, the program proper starts from location 200H. It is, however, 
also necessary to load a jump instruction at addresses starting from 66H to serve non- 
maskable interrupts. 

The assembler begins compilation (JP NMINT) at locations 66H, 67H and 68H. The 
next statement is another ORG, the consequence of this being the compilation of the 
following instruction beginning from address 200H. This pseudo-instruction must not be 
preceded by a label as it generates no binary code and therefore cannot be referred to 
by another statement. 
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It is advisable to include ‘ORG’ in the operator field and ‘XX’ in the operand field in 
order that a clear listing be obtained. The comment field is optional. A few correct 
examples follow: 


ORG 100H 

ORG 1000. 

ORG START 
START: EQU 1200H 


3.6.2 END 


This pseudo-instruction serves to indicate to the assembler that the source program has 
ended and that any statements that follow are to be ignored. This pseudo-instruction 
may be followed by an operator which represents a 16-bit address which allows an auto- 
start facility. The presence of this operator indicates that when the binary tape is actual- 
ly loaded into memory (by means of the Loader), the program is executed beginning 
from the address following the END pseudo-instruction. The absence of this operator 
indicates that control is to be passed back from the Loader to the Debugger. Operators 
that follow END must obey the rules for NN quantities. 

In order that the program listing be clear and comprehensible, it is advisable to insert 
END in the operator field and the auto-start address in the operand field. The statement 
may include a comment if so desired. 

A label is not permitted in this statement as no binary code is generated by the pseudo- 
instruction. As a consequence, no address is assigned to which a label might refer. 

Some examples follow: 


END 
END START 
END 200H 
3.6.3 EQU 
This pseudo-instruction is used to assign a particular value to a label. For example, 
LABEL: EQU YY 


In the symbol table the above label will be followed by value YY rather than the ad- 
dress cf the statement in which it occurs. The variable YY may be either a decimal or 
hexadecimal byte or word. There are some limitations when a value greater than 255. or 
FFH is assigned; in fact, this value cannot be exceeded in an instruction that operates 
upon bytes. Let us examine an example of illegal use: 


ABCD: EQU 1000H 
LD A,ABCD 

To the assembler, the above is equivalent to the statement: 
LD A,1000H 


An error signal is therefore generated. 

it is, however, possible to assign a value less than 255. or FFH to a label pertaining to a 
word-orientated instruction. 

For example, 


ABCD: EQU 65H 


LD HL,ABCD 
5/ 


To the assembler, the above is equivalent to the statement: 
LD HL, 0065H 


which is acceptable. 
A few examples of correct statements follow: 


XX: EQU 1650. 

ACD: EQU 67H 

YY: EQU 1A6BH 
3.6.4 DEFB X 


This pseudo-instruction permits the assignment of the value X to a particular byte in the 
program for the compilation of constants. The constant X is assigned to an address that 
immediately follows the address of the previous statement read by the assembler. Let us 
examine an example: 


ORG 100H 
START: LD A (XYZ) 
HALT 
XYZ: DEFB 55 


The LD instruction is compiled at memory locations 100H and 101H: the HALT in- 
struction at location 102H and DEFB refers to location 103H. The operand X can have 
a maximum value of 255. or FFH and must obey the rules for N quantities. For clarity 
it is advisable to include DEFB in the operator field and X in the operand field. The 
statement may include a label and/or a comment. 


A few examples follow: 


DEFB 10. 
DEFB —67H 
DEFB XYZ 
DEFB FG6H 
XYZ: EQU ZA 


3.6.5 DEFW XY 


This pseudo-instruetion permits the assignment of the value Y to a particular byte and 
the value X to the succeeding byte in the program. XY has a unique value and must 
obey the rules for NN quantities. The constant XY is assigned to addresses that im- 
mediately follow the address of the previous statement read by the assembler. Let us 
examine an example: 


ORG 100H 
START: LD HL,XYZ 
HALT 
XYZ: DEFW 67A2H 


The LD instruction is compiled at memory locations 100H, 101H and 102H, the HALT 
instruction at location 103H, A2H is at location 104H and 67H at location 105H. It is 
advisable to include DEFW in the operator field and XY in the operand field. The state- 
ment may include a label and/or a comment. 
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A few examples follow: 


DEFW 10000. 
DEFW 123H 
DEFW XYZ 
DEFW —1243. 
XYZ: EQU 674H 


3.6.6 DEFS XX 


This pseudo-instruction is used by the program to reserve memory locations. XX repre- 
sents the number of bytes that are assigned the value OOH by the assembler. XX is a 
16-bit word and must obey rules for NN quantities. If the value of XX is greater than 4, 
the program listing will only include the first 4 blank lines. The remainder will not be 
printed so as not to make the listing inordinately long; the assembler will have, however, 
maintained the correct count. Let us examine an example: 


ORG 100H 
START: LD A,COST 
BUFFER: DEFS 100H 
COST: DEFB 76H 


The LD instruction is compiled at locations 100H and 101H, the first and last locations 
assigned value OOH are 102H and 201H respectively whilst the constant defined by 
DEFB is compiled at location 202H. Only 4 of the 100H locations assigned value OOH 
will appear in the listing. In fact, DEFB is compiled after 100H bytes. It is advisable to 
include DEFS in the operator field and XX in the operand field. The statement may 
include a label and/or a comment. A few examples are cited below: 


DEFS 10. 

DEFS 200H 

DEFS XYZ 
XYZ: EQU 120H 


3.6.7 DEFM String 


This pseudo-instruction permits the loading of 7-bit ASCII code constants which form a 
string into successive memory locations. The first character in the string is identified by 
the assembler as a de-limiter and is therefore not loaded into memory. Fram the second 
onwards every character is then loaded into one byte of memory. The address of the 
Tirst character loaded into memory is that which immediately follows the address of the 
previous statement encountered by the assembler. The string is identified as complete 
when a character identical to the first is recognized. Neither, of course, is this character 
loaded into memory as It is again a de-limiter. Any character may be used to indicate 
the start or finish of a string with the exception of SPACE, TAB, RETURN or LINE- 
FEED. 

The first two may not be used as they are used already to divide the fields pertaining to 
DEFM and the string; the last two because they indicate the end of a statement. 

Let us examine an example: 


ORG 100H 
START: CALL TALK 
DEFM /ABC/ 
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The CALL instruction is assembled at locations 100H, 101H and 102H, the 7-bit ASCI| 
code for character A (41H) is compiled at location 103H, character B (42H) at location 
104H and character C (43H) at location 105H. The two characters / are de-limiters and 
are hence not compiled. The length of the string is only limited by the maximum num- 
ber of characters in a statement (72). Should the string contain more than 4 characters, 
only the first 4 are printed in the listing; the assembler, however, maintains correct 
count. It is important to remember that characters used as de-limiters must not appear 
within the string. Some examples are cited: 


DEFM /ASCII+/ 
DEFM A(R/L)A 
DEFM @ EXAMPLE OF DEFM @ 
DEFM 1 7654 1 


3.7 Listing Format 


The listing is the print-out that is obtained during pass 3 and its objective is to aid the 
Programmer in the debugging of the program. The listing includes any information 
which allows the programmer to check his program: the actual locations where instruc- 
tions have been loaded, total usage of memory and so on. The format of the listing 
appears in Appendix B where an example of a page of listing is included. 

At the head of every page of the listing, the following appears: 


PAG. XXX 
where XXX is the page-count. At the end of every page the following appears: 
ERR. YYY 


where YYY is the cumulative number of errors found during assembly. Thus, for in- 
stance, if the first page contains 2 errors and the second 3 errors, at the end of the first 
page the following would appear: 


ERR. 002 
whilst at the end of the second page the following would appear: 
ERR. O05. 


The programmer thus obtains the total number of errors in the program at the end of 
the listing. 

To aid the understanding of the listing it is found convenient to divide each line into 
fields which, starting from the left, are as follows: 


A) ERROR FIELD 
B) LINE COUNT FIELD 
C) ADDRESS FIELD 


D) DATA CONTENT FIELD 
E) SOURCE FIELD. 


let us examine the characteristics of the various fields: 


3.7.1 Error Field 


This field, which occurs at the beginning of a line, is only occupied if an assembly error 
is found pertaining to that line. An error is signalled by a single character which indi- 
cates the type of error. The error field is separated from the succeeding field by a space. 
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The various types of error described in chapter 3.10 consist of two characters: the li- 
sting, however, only shows the second of the two. For example, error IC (illegal cha- 
racter) appears on the listing simply as C. 


3.7.2 Line Count Field 


This field follows the error field and comprises three characters which form a number. 
This number represents the (decimal) count of the statements and has a maximum of 
999 after which it re-starts from OQ. A space divides this field from the next. 


3.7.3 Address Field 


This field follows the line count field and comprises four hexadecimal characters which 
represent the address in memory corresponding to the following field. The initial value 
of the address is furnished by the ORG pseudo-instruction. Thenceforth addresses are 
obtained by incrementing the previous address by 1,2,3 or 4 according to the number of 
bytes the statement being compiled requires. If a new ORG is encountered, the address 
field resumes count from the new value. If, at the beginning of the program, the pseudo- 
instruction ORG is omitted, the count starts from OOOOH. A space divides this field 
from the next. 


3.7.4 Data Content Field 


This field contains the hexadecimal machine code pertaining to the instructions in the 
statement. The length of this field varies with the type of instruction and can consist of 
2,4,6 or 8 hexadecimal characters according to whether the instruction requests 1,2,3 or 
4 bytes respectively for assembly; each byte is described by two hexadecimal characters. 
For example, the instruction: 


INC A 
requires one byte and is described by the two characters: 
 & 
whilst the instruction: 
BIT 0,(1X+5H) 
requires four bytes and is described by the eight hexadecimal characters: 


DDCB0546 
A tab divides this field from the next. 


3.7.5 Source Field 


This field reproduces the statement found on the source tape. Its purpose is to enable 
the programmer to see any errors found in the source code. 


Note: The address and datz content fields are filled with Spaces should the statement 
being compiled not generate machine code. For example, a statement which only in- 
cludes a comment field. 


3.8 Binary Tape Format 


A binary tape is produced during pass 2, using ASCII code. 
The format is the following: 

NN TE XXDD. 2... eee DDCC 

NN Wl XXDD......... DDCC 
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At the beginning of each line are the characters RETURN (non printing) LINE FEED 

(non printing) and colon (:) 

The following characters have the meaning: 

NN Two hex characters forming a single byte the value of which defines the num- 
ber of bytes in the line. The maximum number of bytes is 10H. 

Lidl Four hex characters forming a two byte value which defines the memory ad- 
dress corresponding to the first data byte in the line. 


XX Not used (always zero). For compatibility with standard relocatable assembler 
formats. 

DO secese DD Each couple of hex characters defines a byte value, to be loaded in the 
memory at the address Ili, 11} + 7, Ill] + 2 etc. 
The total number of the D characters is obviously always twice the NN value. 

CC Checksum. The checksum is calculated from all the previous byte values in the 


line, starting from NN, and forming the two's complement of the result. 
The checksum will be calculated again by the loader and compared to the one 
found on the input tape: a non zero result indicates a read error. 


After the last line, a RETURN/LINE FEED is added. 
A special case is the AUTO-START line (always the last one) where the following 
format is used: 

0O IIll XX CC 
This line is identified by a zero value of NN and the IIII value is interpreted by the 
loader as the AUTO-START address. 
If the AUTO-START: line is found at the end of the tape, when the load is completed a 
JP is executed to the AUTO-START address. 
If no AUTO-START is found, control is given to the MO-Z monitor. 


3.9 Use of the Assembler ASS-Z 
There are two possibilities to be borne in mind while using the assembler: 
1) should the ASS-Z program reside in ROM, it is initiated via the command A from the 
monitor MO-Z. 
2) should the ASS-Z program be on magnetic tape, it is read in via the LOADER. On 
being read in, the assembler starts execution via the auto-start facility. 
Once the assembler is under execution, the commands are identical for both types of 
assembler. First, the program prompts the user by means of a series of questions re- 
garding the input/output peripherals. The first question Is: 
IN [L/H/C] 
and refers to the input port from which the source tape is to be read. There are three 
possible replies: 


L = _ Slow reader (teletype) 
H = Fast reader 
C = Cassette recorder 


Any other character is interpreted by the assembler as L. 
The second question is: 


BIN [L/C] 
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eatil to the output port at which the binary tape is desired. There are two possible 
replies: 


L = Slow punch (teletype) 


C = _ Cassette recorder 


Any other character is interpreted as L by the assembler. 
The third question is: 


LIS [L/C] 


oo to the output port at which the listing is desired. There are two possible 
replies: 


a 
C 


Any other character is interpreted as L by the assembler. 
At this point, the assembler queries the pass to be executed with the question: 


II 


Teletype 


Cassette recorder 


PASS? 
There are five legal answers: 
1 = PASS 1 
2 = PASS 2 
3 = PASS 3 


CTRL/C = Command CTRL/C 
xX = Command X 


The various passes have already been.examined in detail in paragraph 3.2. If a response 
oe the five enumerated above is made, the assembler renews the question 
Note: 

1) Magnetic tapes may be wound forward or in reverse only when the answer to the 


caer ‘PASS? " is awaited. The recorder should be switched on before the answer 
is made. 


) Paper tape should be inserted into the reader befo ' 
2 efore the ans 
MAES 8 te nn asley wer to the question 


3.10 Errors 


The assembler Signals errors in different ways depending upon the pass being made while 
an error is found. During pass 1, errors are signalled on the teletype in the Tollowing 
manner irrespective of the source input peripheral: 


XX AT LABEL + YY 


where 

XX identifies the type of error found 

LABEL identifies the last label enountered by the assembler 

YY gives the number of lines after the above label in which the error was found. 


This mode of error-signalling facilitates the tracing of the line in error should the listing 
not be available. It would suffice to have a copy of the source wherein the label indi- 
cated may be identified and the number of lines counted up. Should an error be found 
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4. MO-Z - MONITOR, LOADER, DEBUG 


The MO-Z is a powerful debugging tool for software development on the SGS-ATES 
microcomputer board based on the Z80 CPU. 

The MQ-Z program resides on a 2K x 8 PROM (or ROM) and occupies the upper 2K bytes 
of the 64K addressable by the CPU. Numbers used in this chapter for the MO-Z are always 
Hexadecimal. The user must not add an H to addresses as these are automatically inter- 
preted as Hexadecimal. Start address of the MO-Z is FCOO hexadecimal. It also uses lo- 
cations 0070 to 0200 of the system RAM, as stack and temporary storage. 

Part of these locations are used as buffer by the tape cassette handler. 

SO user programs should load above location 0200. 

When initially started the MO-Z loads three bytes starting at address 0038 with a JUMP 
instruction to its return from a breakpoint service routine. 

It also loads a JUMP, starting at the non-maskable interrupt special location 0066, to its 
“non-maskable interrupt” service routine. 

The features of the MO-Z include: 


1. Examine and/or modify any memory location. 


2. Examine and/or modify any of the CPU status and working registers (main and alter- 
nate set). 


3. Start auser’s program at a specified address. 
Set up a breakpoint. 


5. Dynamic return from a programmed breakpoint saving the user’s processor status 
and working registers. 


6. Dynamic continuation of user’s program after a breakpoint with a new breakpoint 
set up. 


7. Software single instruction execution of a user’s program via simple keyboard com- 
mands. 


8. Dynamic return to MO-Z in response to a non-maskable interrupt saving the user’s 
processor status and working registers. 


9. Loading binary programs (assembler output), via the MO-Z loader routines. 


10. Starting and running the development System Software Editor and Assembler 
programs. 
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4.1 MO-Z Commands 


When the MO-Z program is started it responds with an asterisk (*) indicating that is in 
the command mode and ready to accept commands from the keyboard. 

The following three commands load the binary programs from the input device into the 
memory using the absolute loader. 


4.1.1 #*Lb 
Load from the low speed reader (TTY). 


4.1.2 *H 
Load from the high speed reader. 


4.1.3 *C 


Load from tape cassette. 

The loader looks for any possible checksum errors and if an error occurs it stops loading 
and echoes a (?) returning to command mode. 

At the end of a successful loading, the loader will either return to command mode or 
start the user’s program. . 


4.1.4 Program Development System Software Commands 


The Development System Programs are called and started with the following commands: 
*A— Assembler 

*E— Editor 

*D— Memory Dump (Loader Format). 


4.2 *0 Enter Open Memory Mode 


When in open memory mode the MO-Z will accept any address (OOOO-FFFF) and will 
wait for one of the following special characters to be typed by the user: 


4.2.1 Slash (/) 

O—XXXX/—-YY— 

Open the location indicated by the hexadecimal address XXXX. 

The MQ-Z prints out the content in hexadecimal form (—YY—) and waits for the user 
to enter a new value or close the location. 

If the user enters a new value the MO-Z replaces the old contents of the current loca- 
tion but does not close the location. In that way if the entry was wrong the user can 
enter the right value: ? 

O—FCOA/—AB—A1—AC— 


EXAMPLE: 
The MO-Z types: 
co 
The user enters the location address 
0-FCOA 
The user requests the MO-Z to print the contents of that location by typing a slash (/) 
O—FCOA/—AB— 
The MO-Z types—AB— 
The user enters A1 
O—FCOA/—AB—A1— 
Location FCOA now contains A1. 
The user enters AC 
O—FCOA/—AB—A1—AC— 
Location FCOA now contains AC. 
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4.2.1.1 Keyboard commands in memory mode: 


RETURN: 

O—FCOA/—AC—(RETURN) 

O— 

Closes the current location and waits for a new one to be entered by the user. 

LINE FEED: 

O—FCOA/—AC—(LINE FEED) 

FCOB/—FB— 

Closes the current location and opens the next higher consecutive location and prints its 
contents. 

< — Left angle bracket 

O—FCOA/—AC— < 

FCO9/—3E— 

Closes the current location and opens the next lower consecutive location and print its 
contents. 

Any other character will cause the MO-Z to re-open the current location and print its 
contents. 


4.2.1.2 Set a breakpoint (B) 


O—1CBOB 

o— 

The user sets a breakpoint at address 1CBO. The MO-Z saves the previous contents of 
that location and places a re-start instruction to its return from a breakpoint routine. 
When the user’s program executes the restart instruction and breakpoint jump to MO-Z, 
the original contents are restored and thus the breakpoint is removed. 


Note: Breakpoints must be set at locations containing an instruction byte. 


EXAMPLE: 

Op code Assembler mnemonic 

>C2 JP NZ,1234H 
34 
12 

>3E LD A,ODH 
OD 

>21 LD HL,1000H 
00 
10 

>77 LD(HL),A 

>23 INC HL 

>CD CALL 5678H 
78 
56 


The > marks the bytes that may be used as breakpoints. 

Once the “B’’ command is given one byte of the user’s program is modified. If the user 
wishes to remove the breakpoint he must restore the original contents of that byte 
using the open memory mode. 


4.2.1.3 Start a user program (G) 


O—XXXXG 

The MO-Z starts a program at the hexadecimal address XXXX. 

This can be a dynamic start since the user can initialize any of the CPU registers by 
using the MQ-Z Register Mode before giving the ‘GO’ command. 
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4.2.1.4 Set a new breakpoint and continue the user’s program from a previous one (C) 


O—XXXXC 
The MOQ-Z sets a breakpoint at address XXXX and executes a ‘‘GO’’ command from the 
address where the previous breakpoint was set. 


Important note: a breakpoint must first be set using the ‘‘B’’ command; after that the 
““‘C™ command can be given as many times as the user wishes. 


EXAMPLE: 

*O 

O— 0400B 

O— 0200G 

Upon return from the breakpoint MO-Z types: 
B—0400—AO0BO 

and returns to command mode: 

% 

To set a new breakpoint and continue execution of the user program from location 0400 
type: 

*O 

O—0410C 


4.2.1.5 Memory Trace (T) 


Once a location has been opened the user can request the Memory Trace Feature by 
typing a ““T”’. 


EXAMPLE: 

*O 

O—0020/—AA—T— BB—OC-...—AF—DD—10 

0030/—EE— 

MQ-Z prints the contents of 16 consecutive locations on one line, opens and prints the 
contents of the 17th location on the next line and waits for a user command. 


4.2.1.6 Memory Trace Reset to Zero (Z) 


This command used in memory mode is executed by typing a “’Z’’. The MO-Z resets to 
zero (OO) and prints the contents of 16 consecutive memory locations on one line, opens 
and prints the contents of the 17th location on the next line and waits for a user com- 
mand. 


+{) 

O—0020/—AA—Z | 
0020/—00—00—00-........ —00—00 
0030/—EE— 


4.3 Register Mode (R) 


From command mode (*) the user can enter Register Mode by typing ‘“R’’. 

*R 

MOQ-Z responds: 

R— 

When in register mode the MO-Z permits the user to examine all of the CPU registers 
(main and alternate pairs) and modify the contents of any of them. 

The contents of the CPU registers are saved when the user’s program returns to MO-Z 
after a breakpoint and are restored by any of the following commands: 


al Ca Ne ae ae “BY or *Th’ 
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The user has access to the contents of the following registers: 


MAIN ALTERNATE 

AF — Accumulator and Flag register AF’ Accumulator and Flag register 
BC - | BG’ 

DE _ Registers for general use DE’ Register for general use 

HL - HL’ 

1X — Index Register 

lY — Index Register 


| — Interrupt vector 
SP — Stack pointer 


For the registers AF, BC, DE, HL the user need only type the first character and the 
MO-Z responds with the second and waits for one of the following characters to be 
typed by the user: 
Slash (/)— for the contents of the main pair 

Apostrophe (‘)— for the contents of the alternate pair 

EXAMPLE: 

*R 

R—AF/—014C— 

The user types A following R— and MO-Z responds with F. 

The user types / and MO-Z responds with —014C— where: 

01 is the contents of A register and 

AC is the contents of F register 

At this point the user can enter a new value into the AF register or key RETURN 
which will cause MO-Z to print 


R_ 
and wait for another register to be specified, for example 
R—DE’—F014— 


The user types D and MO-Z responds with E. 

The user requests the contents of the alternate pair DE’ by typing an apostrophe (’) 
and MO-Z responds with the contents —FO014— 

To change a register’s contents, for example: 

R—HL/—0000—F01B 

The user types H and MO-Z responds with L. 

The user types slash (/) and MO-Z responds with —O000_. 

The user types F01B and MO-Z responds with the return to the register mode 

The register HL contents are changed to FO1B and this is the content that will exist at 
the start of a user program if the GO command is now given. 

Other registers can be examined in a similar way, for example: 

R—IX/—OOIA IX contains OO1A. 

R—SP/—0100— = SP contains 0100 

The ESCAPE key returns MO-Z to command mode (*). 
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4.3.1 Register trace (T) 


The Register Trace command (‘‘T’ typed after R—) prints the contents of all CPU re- 
gisters on one line 

R-T—XXXX—XXXX-...... —XXXKX-KKKXX—XX 

R_ 

in the following order 

AF—HL—DE—BC—AF'—HL’—DE’—BC’—IX—lY—SP-_| 


4.3.2 Register Trace Reset to Zero (Z) 


The Register Trace Reset to Zero Command (2” typed after R—) resets all registers to 
0000 except SP, and prints the contents in the same order as above. 
R—Z—O0000—0000-......—0000—X XxX X—00 

R_ 


4.4 Breakpoint Sequence Repeat (B) 
*B 
Using this command the user, after a return from a breakpoint, can repeat the last sec- 


tion of the program from the starting address (O—XXXXG) to the breakpoint address 
(O—XXX XB). 


4.4.1 Proceed Command (P) 

*P 

Typing “P’’ after a return from a breakpoint causes MO-Z to proceed with the run of 
the user program by executing the instructions trapped by the breakpoint, reinserting 
the breakpoint at the previous address and continuing execution of the user’s program: 
The user program then runs until the breakpoint is again encountered. 


4.5 Single Step (S) 

*S 

After starting a user program and encountering a breakpoint return to MO-Z the user 
can oo execution of his program one instruction at a time using the ‘S’’ com- 
mand. 

EXAMPLE: 

*S 

B—XXXX—YYYY 

* 

After executing the instruction at the breakpoint MQO-Z prints the contents of the user’s 
PC(XXXX) and AF(YYYY) registers and returns to command mode. The user can sin- 
gle step through as many instructions as the wishes. 


4.5.1 Multiple Step with Register Trace (Tn) 


After a return from a breakpoint the user can single step through ‘n’ instructions of his 
program with complete Register Trace after each instruction with the command “Tn” 
(n must be a hexadecimal character from 1 to F) 
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EXAMPLE: 

*Tn 

B—XXKXKXX—XXKXKX—-KKKXK—...... —KXXKXK—KKXKXKX—KX 
B—XXXX—XXKXKX—KKKK—. ee —XXXXKX—KXKKK—XK XK 
B—XXXX—KXXKXK-—KKXK—.... —KXKXKX—KKKK—KXK 


* 
The user’s CPU register contents are printed on each line in the following order. 
PC—AF—HL—DE—BC—AF’—HL’—DE’—BC—IX—IY—SP-—| 


Note 1: 

These two commands (Single Step and Multiple Step with Register Trace) should not be 
used to single step through the instructions DI,El and LD I, A since the MO-Z implements 
these commands by using the interrupt of port Bof PIO # 2. 


Note 2: 
The Single Step uses port B of PIO 2 (in mode 3) and therefore these two commands 
(Single Step - Multiple Step) cannot be used if the port is occupied by the User. 


4.6 Returns to MO-Z 


4.6.1 Return from a breakpoint 


Upon return from a breakpoint MO-Z saves all the user's CPU registers and removes the 
breakpoint from the user’s program. It prints on the terminal the breakpoint address and 
the contents of the AF register pair, and returns to command mode: 

B—XXXX—-YYYY 

* 


XXXX— breakpoint address 
YYYY— contents of AF register pair. 


4.6.2 Generation of a break by using the non-maskable interrupt 


By pressing the break push-button on the CLZ80 minicontrol panel the user generates a 
non-maskable interrupt. The CPU pushes the program counter’s contents into the user’s 
stack and jumps to location 0066. 

When the MO-Z is started it loads three bytes, starting at that address, with a jump 
instruction to MQ-Z’s, non-maskable interrupt’ handling routine. 

This routine saves all the user’s CPU registers, prints the contents of the program coun- 
ter and the AF register pair, and returns to command moce. 

B—XXXX—-YYYY 

* 


XXxXX—user’s program counter at the time the non-maskable interrupt was generated 
YYYY— contents of the AF pair. 


Note: if the user’s program overlays any of the locations 0066, 0067 and 0068, the 
non-maskable interrupt feature should not be used. 

Remember, also, that if the interrupt was generated before any software breakpoint was 
encountered, this is not removed from the user's program by the MO-Z. 
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4.7 MO-Z Command List and Special Characters 


*L 
+H 
ft, 
*A 
a= 
*D 
*O 


+ 14 


*B 
*P 
*S 
Tn 
ESCAPE 


+ 
Z 
RETURN 


/ 


Load from low speed reader (TTY) 
Load from high speed reader 

Load from tape cassette 

Call the assembler 

Call the editor 

Call the dump 

Open memory mode 

Open a location and point its contents 


Close the current location, open the next higher location and 
point its contents 


Close the current location, open the next lower location and 
point its contents 


Set a breakpoint 
Start a program 


Set a new breakpoint and continue execution of a program from 
the previous breakpoint 


Memory trace command 

Memory reset to zero command 

Closes the current location and returns to open memory mode 
Register mode 


Print the contents of a main register pair 


‘(apostrophe) Print the contents of an alternate register pair 


+ 
Z 


Register trace command 

Register reset to zero command 
Breakpoint sequence repeat command 
Proceed command 

Single step command 

Multiple step with register trace 
Return to command mode. 
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APPENDIX 


Texas SILENT 700 TERMINALS 


The CLZ80 Microcomputer board software normally works with standard serial termi- 
nals, TTY or CRT, and audio tape cassettes. 

The software will work equally well if the terminal is the Texas SILENT 700 ASR. 

Due to timing considerations when using this type of terminal, the user must set a flag 
to initialize his system as follows. 


FLAG LOCATION — CONTENTS — EXPLANATION 


OOAQH — 00 — Standard Configuration for TTY or CRT termi- 
nals and Audio type cassettes. 

OOA9H — OFH — 200 msec delay added after CR character valid 
for TTY or SILENT terminals, and Audio tape 
Cassettes. 

OOA9H — FFH — 200 msec delay after CR. Valid for SILENT and 


TTY terminals, SILENT CASSETTES. 
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CHAPTER 5 - EDITOR 
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5. SYMBOLIC EDITOR 


5.1 Introduction 


The EDI-Z Editor is a program used to create and modify symbolic (source) programs 
via simple keyboard commands. 

The Editor is available on Audio type, EPROM, PROM, ROM, and occupies approxima- 
tely 2 K bytes of the addressable memory. Its text buffer can accomodate about 3000 
(decimal) characters of text. 

The Editor is character oriented and each line of text is delimited by the RETURN 
code. All lines in the buffer are implicitly numbered in decimal starting with one. 


5.2 Modes of Operation 


The Editor has two modes of operation: the COMMAND MODE and the TEXT MODE. 
In COMMAND mode all input typed on the keyboard is interpreted as commands to the 
Editor to perform an operation or editing of the text stored in the buffer. 

In TEXT mode all typed input is interpreted as text to be inserted in, or be appended 
to the contents of the buffer. 


5.3 Editor COMMAND FORMAT 


A command indicates to the Editor to perform a desired operation. Each command con- 
sists of a single letter, preceded by none, one or two arguments. The command letter 
tells the Editor what to do; the arguments specify which line or lines of text are af- 
fected. 

The Editor COMMAND mode prompt is #. 

Commands are executed by the RETURN key. 

Commands to the Editor must take one of the following forms: (where E represents any 
command letter). 


ARGUMENT COMMAND MEANING 
FORMAT 
None = Perform operation E 
One nE Perform operation E on line n 
Two m,ne Perform operation E on lines m through n, 
inclusive. 


The arguments m and n, which refer to numbered lines in memory, must be positive and 
n must be greater than m. 3 | 
Two argumnets must be separated by a comma, and the command E must follow imme- 
diately the argument (or arguments). 
Note: The Editor considers only the first letter of a command, the rest of the line Is 
ignored. 
For example: 

#L (RETURN) 


# LIST (RETURN) 
# LIST ALL (RETURN) 
are equivalent. 
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Where an option is allowed the option character must immediately follow the command 
character. 


# WT (RETURN) 


This command causes the Editor to write the text buffer to the assigned output device 
converting any TABs into a correct number of spaces. 

The Editor prints diagnostic messages whenever the user has requested non existant in- 
formation or typed an incorrect command. 


5.4 Input/Output Device Assignment 


The user indicates to the Editor that he is assigning an INPUT/OUTPUT device by 
typing an asterisk. 


#* (RETURN) 

The Editor responds with: 

INPUT (L, H, C) = 

waits for the user to enter the device name and then prints: 
OUTPUT (L, C) = 

waits for the device name and returns to COMMAND mode. 


L = Low speed reader (TTY) 
H = High speed paper tape reader 
C = Cassette tape recorder. 


Any characters other than the ones indicated cause the Editor to default to L. 
The INPUT/OUTPUT device assignment can be given or changed at any time. When the 
Editor is first started it automatically enters the 1/O assignment command. 


CASSETTE RECORDER OUTPUT 
When using a cassette as the output device the user should proceed as follows: 


1 - Turn ON the recorder. 

2 - Rewind the cassette tape to Its start position. 
3 - Press the record and start buttons. 

4 - Enter the command. 


The tape starts running and the Editor executes a pause routine that allows the tape to 
run to its correct level, stops the tape and returns to COMMAND mode. 


PAPER TAPE OUTPUT USING A TTY 

When the output device is a TTY punch the user should remember that the keyboard 
printer and the paper tape punch work in parallel, so the punch should be OFF until 
the user is ready to output to the paper tape. 

When the user gives any command that outputs text (W, N, O, E) or the LEADER/ 
TRAILER command (T) the Editor waits for the user to turn ON the punch before 
executing the command. 

The user indicates that the punch has been turned ON by pressing any key on the 
keyboard. After executing the command the Editor waits, again, for the user to turn 
OFF the punch before returning to COMMAND mode. This is also indicated by pressing 
any key on the keyboard. (Exception to this are the “OQ” and ‘‘E’’ Commands where the 
user Is ending the use of the Editor). 
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5.5 Text Input Commands 


5.5.1 APPEND COMMAND 


# A {RETURN) : 

Append new text, or add to the existing one, from the keyboard. The Editor enters TEXT 
mode upon receiving this command, and the user may then type any number of lines of 
text. The new text will be appended to the information already in the buffer. i¢ any 

until the user terminates the TEXT mode by typing the ESCape or ALTmode key 
If this key is typed at the end of a line of text, in place of a RETURN, the Edizar 
returns to COMMAND mode ignoring that line. 

A CTRL/U key combination typed anywhere while entering a line of text deletes the 
entire line, the user can then enter a new line. 

The RUBOUT key deletes the last typed character. Repeated RUBOUTs will delete from 
right to left up to the beginning of the current line. 


5.5.2 READ COMMAND 


# R (RETURN) 

The Editor reads information from the assigned input device, until a FORM FEED code 
(CTRL/L key combination) is detected, or until the Editor senses a text ‘buffer full’ 
condition. 

All incoming text, except the FORM FEED is appended to the contents of the text 
buffer. 

RUBOUTs, NULLs or LINE FEEDs encountered during a read (R) command are igno- 
red by the Editor. 

During a READ command the Editor senses a ‘buffer full’ condition when the last line 
entered leaves room for approximately 100 characters to be appended or inserted to the 
text until a completely full buffer is reached. 

Following a Read Command the Editor prints: 

XXXX LINES READ IN 

and returns to COMMAND mode. 

XXXX is the total number of lines non present in the buffer. 

Any subsequent READ commands, at this point, will cause the Editor to reprint the 
message above. 


EDITING COMMANDS 


The following commands permit deletions, alterations, or expansion of text in the buf- 
fer. 


5.5.3 KILL COMMAND 


# K (RETURN) 

KILL? 

The KILL command deletes the entire text from the buffer. 

After the ‘‘K’’ command the Editor prints the message KILL? to prevent accidental 
buffer erasure. 

If the user responds with the ‘‘Y’’ character the Editor kills the buffer and returns to 
COMMAND mode. 

“N’’ or any other character causes the Editor to ignore the kill command and return to 
COMMAND mode. 
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9.5.4 DELETE COMMAND 
#nD (RETURN) 


Delete line n. Line n is removed from the text buffer, the numbers of all succeeding 


lines are reduced by one, so is the total line count. 
#m,nD (RETURN) 


Delete lines m through n, inclusive. The line following n substitutes the previous line m 


and all the succeeding are renumbered accordingly. 


es value of the current line counter (.) is equal to the number of the line after the 
deleted line or lines. The Editor returns to COMMAND mode after a DELETE operation. 


#D (RETURN) 

This command is equivalent to: 
#.D (RETURN) 

which deletes the current line. 


9.9.9 INSERT COMMAND 


#n i (RETURN) 

Insert the typed text before line n, until an ESCape or ALT mode key js ai 
ME eae p ode key jis given to return 
The Editor enters TEXT mode to accept input, and behaves as though it had received 
- Append command while inserting text. The first typed line becomes the new line n. 
paths bei oe ele and the numbering of all of the lines following the insertion 
reasea by the number of lines inserted. The value held by the c 

is equal to the last line inserted. | : Seep seni 


bred number (n) is given the Editor inserts the new text immediately before the cur- 
ine. 


9.5.6 OVERLAY COMMAND 


#n O(RETURN) | 
This command causes the Editor to re | 

| . place the line n (no argument th 
with as many lines as are typed in by the user. : pioeciee ered 


eee is equivalent to the following sequence: 
n 


Fn | 


In the case where the current |i : | 
, ne counter value in the last line the Edi 
line and appends new text. ditor deletes this 


9.9.7 CHANGE COMMAND 


#nC(RETURN) 

OLD STRING (RETURN) 
NEW STRING (RETURN) 
NEW LINE 


This command causes the Editor to search line n (default current line) for the occurance 


ase STRING” and if found replace it with “NEW STRING” and print the new 


If “OLD STRING” cannot be located on the line the Edj 
returns to COMMAND mode. Ine the Editor prints NO MATCH and 


If “NEW STRING” is not given (the user typed a es 
from the line. ser type RETURN) OLD STRING 1S deleted 
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If “OLD STRING” is not given (the user typed RETURN) “NEW STRING” is inserted 
at the beginning of the line. 

For example: 

#.L (RETURN) 

HAPPY DAYS WERE HERE ONCE 

#C (RETURN) 

WERE HERE ONCE (RETURN) 

ARE HERE AGAIN (RETURN) 

HAPPY DAYS ARE HERE AGAIN 

The corrected line is printed by the Editor. 


5.5.8 CHARACTER STRING SEARCH 


# S (RETURN) 


STRING (RETURN) a. 
The Editor scans each line of the buffer for the specified character ‘‘STRING” and if a 


match occurs it prints the line and returns to COMMAND mode. If “STRING” is not 
found the Editor prints NO MATCH and returns to COMMAND mode. 

Once a “STRING” is matched the current line counter is set to the number of the line 
where “STRING” is located. 


5.5.9 BUFFER LOCATE 


#B (RETURN) 

STRING (RETURN) 

This command causes the Editor to search all the input text available for a buffer that 
contains ‘‘STRING”. 

When the Editor finds “STRING” it prints the line and returns to COMMAND mode. 
Executing this command the Editor starts by searching the current buffer for the 
“STRING” and if there is no match it transfers the buffer onto the assigned output 
device, kills the buffer, reads in a new buffer from the assigned input device and 
searches again for “STRING”. 

This goes on until a match occurs or the END OF TEXT (FORM FEED) is encounte- 


red. | 
Neither the last buffer nor the one where “STRING” is located is transferred onto the 


output device. 
The Editor prints NO MATCH if it cannot locate “STRING”. 


5.6 Text Output Commands 


5.6.1 LIST COMMAND 


# L (RETURN) . 
Lists the entire contents of the text buffer on the terminal. 


#n L (RETURN) 
Lists the line n of the text buffer on the terminal. 


" # m,n L(RETURN) 


Lists lines m through n of the text buffer on the terminal. 
The LIST command updates the current line counter. After executing the comman 
Editor returns to COMMAND mode. 


d the 
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5.6.2 WRITE COMMAND 
# W (RETURN) 
Writes the entire text buffer onto the assigned output device. 


# nW (RETURN) 
Writes line n of the text buffer onto the assigned output device. 


#m,nW (RETURN) 
Writes lines m through n, inclusive, onto the assigned output device. 


The write command updates the current line counter (.). After executing the command - 


the Editor returns in COMMAND mode. 


5.6.3 NEXT COMMAND 


# N (RETURN) 
The Editor writes the current text buffer onto the assigned output device, kills the buf- 
fer; then reads in a new buffer from the input device, and returns to COMMAND mode. 


9.6.4 QUIT COMMAND 


# O (RETURN) 
The Editor appends an END OF TEXT (FORM FEED) code to the text buffer, writes 
the buffer onto the assigned output device, and returns to MONITOR (MO-Z). 


5.6.5 EXIT COMMAND 
# E (RETURN) 


The Editor writes the current buffer onto the assigned output device and transfers all 
text from the input to the output device, and returns to MONITOR (MO-Z). 


Note: At least one READ command must have been given before an EXIT command 
will work properly. 

Otherwise the EXIT command will behave like a QUIT command. 

The commands NEXT and EXIT can have one or two arguments and the commands are 
executed like a WRITE command with arguments. In the case of the EXIT command 
the arguments are valid only for the current buffer. 


9.6.6 “T’’ OPTION 


The “T*’ option given immediately after a text output command (W, N, Q, E), will 
cause the Editor to convert TABs into the correct number spaces. 


9.6.7 LEADER/TRAILER 


# T (RETURN) 


The iad outputs approximately 50 frames of blank tape (valid only on paper tape 
output). 
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5.7 Special KEY Commands and Functions 


5.7.1 RETURN KEY 


In both the COMMAND and TEXT modes typing the RETURN key enables the Editor 
to process the information just typed. In COMMAND mode it allows the Editor to exe- 
cute the command. 

A command will not be executed until it is terminated by the RETURN key. 

In TEXT mode, RETURN, causes the line of text which it terminates to be entered into 
the text buffer. 


5.7.2 ERASE (CTRL/U KEY) 


The ERASE character (CTRL/U combination) is used for error recoveries in both the 
COMMAND and TEXT modes. It is generated by pressing and holding down the CTRL 
key while typing a U. 

When used CTRL/U cancels the entire line performs a Carriage Return/Line Feed and 
waits for the user to retype the new line. 


5.7.3 RUBOUT or DELETE KEY 


RUBOUT (DELETE) is used for error recovery in both the COMMAND and TEXT mo- 
des. At any time typing a RUBOUT (DELETE) will cause the Editor to echo a back- 
slash (\) followed by the last character typed, deleting the character.Repeated RUBOUTs 
(DELETE) delete from left to right up to the beginning of a line. 


5.7.4 ALT mode or ESCape KEY 


Any of these keys will cause the Editor to return to COMMAND mode. 

In COMMAND mode this signals the Editor to ignore the command just entered and 
wait for a new one. 

In TEXT mode the Editor returns to COMMAND mode ignoring any text typed before 
the ALTmode or ESCape key. 

On output (LIST, WRITE) the Editor interrupts execution of the command and returns 
to COMMAND mode, the current line counter (.) is not updated. 


5.7.5 Current Line Counter 


The Editor keeps track of the implicit decimal number of the line on which it is cur- 
rently operating. 

At any given time (while in COMMAND mode) the dot (.), which is produced by typing 
the period key, stands for this number and can be used as an argument. 

For EXAMPLE: 

#. L (RETURN) 

means list the current line. 


1. After a READ or APPEND command the dot is equal to the last line in the buffer. 
2. After an INSERT, CHANGE or OVERLAY command the dot is equal to the number 
of the last line entered. 
3. After a LIST command the dot is equal to the last line of the buffer. 
After a LIST with an argument the dot is equal to the argument. 


4. After a SEARCH command the dot is equal to the line where the match occurred. 

9. After a DELETE command the dot is equal to the line immediately after the de- 
letion. | 

6. After a KILL command the dot is equal to zero. 
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5.7.6 SLASH (/) Key 


The symbol slash (/) is equal to the number of the last line of the buffer and can be 
used as an argument. 

EXAMPLE: 

#/L (RETURN) 

The Editor lists the last line of the buffer. 


5.7.7 LINE FEED Key 


Typing the LINE FEED key immediately after the Editor prompt (#) will cause the 
Editor to print the line following the current one and to increment the value of the 
current line counter (.). 

Typing the LINE FEED key while entering a command or text will cause the Editor to 
reprint the line. The user, after he has used the RUBOUT key for error recovery, can 
check the correctness of the line. | 


5.7.8 Left Angle BRACKET (<) Key 


Typing this key immediately after the command sign (#) will cause the Editor to print 
the line preceding the current one. The value of the current line counter is decreased by 
one so that it refers to the line just printed. 


5.7.9 Equal SIGN (=) Key 


The equal sign is used in conjunction with the counters dot (.) and slash (/). 

When typed after the dot or slash it causes the Editor to print the value of the current 
line or last line of the buffer. 

EXAMPLE: 

#. = (RETURN) 

XXXX 

#/ = (RETURN) 

YYYY 


5.7.10 CTRL/BELL 


This command given after a string search will cause the Editor to look for the next 
occurrence of the same string in the current buffer. 

EXAMPLE: 

#S (RETURN) 

HL (RETURN) 

LD HL; BUFF 

# CTRL/BELL 

LD A,(HL) 

# CTRL/BELL 

NO MATCH 


5.7.11 Tabulation (CTRL/TAB) 


The Editor is designed in such a way as to simulate horizontal tab stops at eight space 
intervals across the line. 

When the user holds the CTRL key down and types the TAB (or HT) key the Editor 
produces a tabulation. 

A tabulation consists of from one to eight spaces depending on the number needed to 
bring the carriage to the next tab stop. 

In the text buffer the Editor stores only the TAB code; on taxt output TABs are out- 
puted as TABs, unless the ‘’T’’ option is given. 
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5.7.12 CTRL/C 
The “CTRL/C”’ key combination 


5.8 Diagnostic Messages 
MESSAGE 
SYNTAX OR LINE ERROR 


KILL? 
NO MATCH 


BUFFER FULL 


BUFFER EMPTY 
XXXX LINES READ IN 


causes the Editor to return to the MONITOR (MO-Z). 


REASON 


Entry of an illegal command. 

Arguments of a command are not valid. 

Request for non existent information (e.g. list a 
non existent line). 

During COMMAND or TEXT mode the line en- 
tered has more than 80 characters, or is a null 
line. . 

During a READ command the line is longer than 
80 characters. | 


After a KILL command, printed as a second clock 
on the validity of the command. 


After a SEARCH or CHANGE command if the 
string is not found. 


The Editor cannot accept any more text. The user 
must write all or part of the text buffer onto the 
output device, then free buffer space using the 
KILL or DELETE command. 


The buffer contains no text. 


After a READ command. XXXX indicates the to- 
tal number of lines tn the buffer. 


After typing any diagnostic message the Editor returns to COMMAND mode. 
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APPENDIX 


SUMMARY OF EDITOR COMMANDS 
COMMAND MODE 


* €E call editor from MO-Z 
# prompt 
assign terminal 
IN(L, H, C) = input from L= serial terminal reader 


H= parallel reader 
C= audio cassette 1 


OUT(L, C) = output to L= serial terminal punch/recorder 
C= audio cassette 2 
ESC’ return to editor command mode # 
#'CTRL/C’ return to monitor MO-Z (* prompt) 
INPUT TEXT 
# OR Read from input until CRTL/L found 
XXX X Lines Read In 
#N Next, outputs the buffer and reads in a new one from the input 


EDITOR MODE 


# A Add new text to buffer 

Kill buffer 

Delete lines 

Insert lines 

O Overlay lines 

C Change string 

S Search for string 

‘CTRL/BELL’ continue the search for a repeat of a string 
#B Buffer locate, search all the input for a string 
‘CTRL/BELL’ continue the search for a repeat of a string 
Output and Edit commands may be preceded by m, n to operate on lines m to n only, 
or by just n to operate on line n only 

gS oe Keyed during text entry will print out the current line 


OQUTPUT TEXT 

#L Lists the buffer on the serial terminal 

W Writes the buffer on to the output device 

OQ Quits the buffer output to the output device and adds ‘CTR L/L’ at the end. 

E Exit outputs the buffer and all the input to output device 

T Trailer, outputs 50 blank frames of paper tape 

TAB (Command T) following output commands will convert TAB commands to the 
correct number of spaces on the output record file. 


SPECIAL COMMANDS 
Line Numbering 
#.= print line printer value 
#/= print number of lines in buffer 
These can be used before commands as an argument. 
For example: #.L list the current line 
#/L list the last line in the buffer 
#*‘LF' increments to next line and prints 
#‘<" decrements to previous line and prints 
# 'CTRL/TAB’ tabs to next fixed tab, these are at each 8 spaces 
# ‘CTRL/U' erase line entered before return 
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6. Introduction 


The Binary Dump utility allows the user to punch on a paper tape, or record on a 
magnetic tape cassette the content of a selected part of the memory. The format of the 
tape created by this utility is identical to the Assembler’s output and can thus be loaded 
again using the Loader program. The Binary Dump utility can be ROM (or EPROM) 
resident or can be loaded into the RAM from paper tape or magnetic tape cassette. 


6.1 Use of the Binary Dump 


Once started, the utility asks a series of questions. 
The first question concerns the type of the output peripheral. 
The microcomputer prints on the console: 


OUT (L/C) 
and waits for a reply, which could be: 
C if the output is a magnetic cassette 
i if the output is a paper tape 


Every other character is interpreted as an L. The loader part of the output tape is then 
punched. At the end the microcomputer stops and waits until any key is hit on the 
keyboard before proceeding. | 

Before restarting the program the user must disable the tape punch (if a Teletype is 
being used) in order not to transfer on the output tape the next questions the micro- 
computer Is going to ask. 

These questions are: 

SIR: and 

END : 

The user must reply with the first and the last address (in hex code) of the block he 
intends to punch. Each entry must be terminated by a RETURN. 

The same wait procedure as for the trailer tape is then entered: the user must enable the 
paper tape punch and hit any key in order to actually start the binary punch. 

At the end of the punch operation and after a ‘‘wait'’ sequence, the program asks the 
STR: and END: questions again, should the user wish to punch another block of data. 
To terminate the program, two procedures are permitted: 


1) X/RETURN reply to the END: question. 
In this case the previous reply to the STR: question is considered as an AUTO- 
START address, and after a ‘‘wait’’ sequence the AUTO-START block and the 
trailer tape are punched; the control is then transferred to MO-Z. 


2) X/RETURN reply to the STR: question. 
After a ‘‘wait’’ sequence the trailer tape is punched and the control is transferred to 
MO-Z (no AUTO-START). 


Note: If the magnetic cassette is used as the output device, no “wait” sequence is per- 
formed, because there is no conflict between the output device and the system's con- 
sole. The cassette is then always enabled and the switching between the printer and the 
output Cassette is done by the software. 

The tape recorder is the same used by the Assembler and Editor programs. 
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7. INPUT/OUTPUT PORTS 


The microcomputer board is provided with one serial (USART) and two parallel (PIO) 
|/O interfaces. 

The resident software initializes those devices and configures them for software develop- 
ment operations. 

The user can reinitialize and configure the ports to meet his needs. 


7.1 Serial interface (USART) 

The serial |/O interface used is the INTEL 8251 USART. 

The USART is programmable by means of a control byte loaded by the CPU. The con- 
trollable parameters are: 

— Bits per character 

— Number of stop bits for asynchronous operation. 

— Parity Insertion / checking (odd, even, none) 

— Clocking of transmitted/received data at frequencies 1, 16, 64 times the data rates. 
The USART accepts data characters from the CPU in parallel format and converts them 
into a continuous serial data stream for transmission, 

It can simultaneously receive a serial data stream and convert them into parallel data 
characters for the Z80 CPU. 

The USART port addresses used on the board are: 


ADDRESS FUNCTION 
OOH Input / Output Data 
O1H Status 


Bit O - Output Flag 
Bit 1 - Input Flag 
Bit 1 - Paper Tape Advance (Output). 


7.1.1 Programming the USART 


At power on as a result of a RESET (or when a new RESTART is given) the MO-Z 
software initializes the USART to establish the rate and format of data transfer. 

For TTY operations the USART is configured to operate asynchronously with a cha- 
racter length of 8 bits at a baud rate factor of 16X and two stop bits inserted after 
character transfer. 

The routine used by the MO-Z software to initialize the USART (the user could use a 
similar one to configure the USART to his needs) is given below: 

; USART INIT ROUTINE 


INIT: XOR A; CLEAR ACC. 
OUT (01H), A ; OUTPUT THREE 
OUT (01H), A,.; TIMES TO MAKE SURE 
OUT (01H), A ; THE USART IS IN 
; A KNOWN STATE 


LD A, 40H ; RESET BIT 
OUT (01H), A ; RESET USART 
LD A, CEH ; SET MODE 


OUT (01H), A ; CE IMPLIES 
; ASYN MODE (x 16) 
; 8 DATA BITS 
;2S3°0OP BITS 

LD A, 05H ; ENABLE 

OUT (01H), A ; TRANSMIT/RECEIVE 
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The READ / WRITE Routines used by the MO-Z are: 
; TTY READ ROUTINE 
; RETURNS WITH BYTE IN ACCUMULATOR 
READ: INA, (01H) ; CHECK STATUS 

BIT 1,A ; FLAG BIT 1 = 1? 

JR Z, READ ; NO WAIT 

IN A, (OOH) ; LOAD ACC. WITH 

RET ; DATA AND RETURN 


; TTY WRITE ROUTINE 
; CALL WITH BYTE IN ACC. 
WRITE: OUT (OOH), A ; LOAD DATA REGIS. 
; TER WITH ACC. 


NOP ; DELAY REQUIRED 

NOP > BY THE USART 
FLAGW: IN A, (01H) ; CHECK STATUS 

BIT 0,A , BIT O= 1? 

JR Z, FLAGW ; NO WAIT 

RET ; YES, RETURN 


Additional information can be obtained from the 8251 documentation. 


7.2 Parallel Interface (PIO) 


The microcomputer board provides two software programmable two port parallel I/O 
devices (PIO) for standard hardware interface between peripheral devices and the Z80 
CPU. 

The PIO contains two independent 8 bit ports that can be configured by the CPU to 
operate in any of 4 major modes. 

In the output mode (MODE O), data is written to the ports from the Z80 and onto the 
port data bus. 

In the input mode (MODE 1), the peripheral device supplies data to the port accessible 
from the CPU. 

The bidirectional mode (MODE 2) allows one port (PORT A) to be bidirectional using 
the handshake signals from the other port. 

The contrat mode (MODE 3) allows for direct bit set and reset capability. This mode 
also allows any bit in either port to be individually programmed to be either an input 
bit or an output bit. 


7.2.1 Port Addresses 


Each port in a PIO unit has two Addresses; one for control and one for data. Port 
Addresses for the two PIO units on the board are summarized below: 


PIO N° 1 PIO N° 2 
PORT A PORTB PORT A PORTB 
DATA 04 05 08 09 
CONTROL 06 07 OA OB 


7.2.2 PIO Interrupt 


The PIO interface is designed to use the vectored interrupt capability of the Z80 CPU. 
This is the most powerful of the three interrupt modes allowing an indirect call to any 
memory location by a single 8 bit vector supplied by the peripheral. 
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In this mode (Mode 2), the peripheral generating the interrupt places the vector on the 
data bus in response to an interrupt acknowledge by the CPU. This vector then becomes 
the least significant 8 bits of the indirect pointer address while the | register in the CPU 
provides the most significant 8 bits. 

This pointer, in turn, points to an address in a JUMP table which contains the starting 
location of the interrupt service routine. 

Priority of interrupts is determined by serially connecting the devices. Two lines (Inter- 
rupt Enable In - IE! - and Interrupt Enable Out - 1EO) are provided in each peripheral 
for a daisy chain configuration. 


7.2.3 PIO Interrupt Priority Chain 


PIO N* 1 PIO N* 2 


2 a a ze P LE| — 1E| oa 


The IEI line of PIO N° 1 is tied to + 5 Volts to indicate that it has the highest priority. 
Internally PORT A of a PIO has always higher priority than PORT B. For a device to 
generate an interrupt its [El line must be high. 

Interrupt nesting to any level is possible with this interrupt structure. 

The return from interrupt instruction (RETI) facilitates this nesting, allowing higher 
Priority devices to temporarily suspend service of lower priority Service routines. 

After the interrupt service routine has been completed, the RETI instruction is used to 
restore the contents of the Program Counter (POP the stack) and to reset the internal 
logic of the highest priority device just serviced. 


7.2.4 Vector Processing Sequence 


Z80 - CPU MEMORY 


JUMP TABLE 


INTERRUPT 
SERVICE 
ROUTINE 


INTERRUPT VECTOR 


PERIPHERAL 
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1. With interrupt enabled (El) the peripheral generates an interrupt request by driving 
low the INT line, and places its interrupt vector on the data bus when the CPU 
acknowledges the request. 


2. The Z80 - CPU finishes the current instruction and responds with an interrupt 
acknowledge, and reads in the interrupt vector. The contents of the Program Counter 
(PC) are pushed into the external STACK. 

The interrupt enable flip-flop is reset, so in a priority interrupt structure the service 
routines of all lower priority devices should enable the interrupt (El) to permit higher 
priority devices to be serviced first. 


3. The CPU from the pointer formed by the | register and the interrupt vector locates 
the JUMP table in memory. 


4. It loads the Program Counter with the interrupt service routine address and, the- 
refore, 


5. Executes a CALL to that location. 
All interrupt service routines should return to the main program with a return from 
interrupt instruction (RET). 


7.3 280 Interrupts 


The purpose of an interrupt is to allow peripheral devices to suspend CPU operations, 
under software control, and force the CPU to start a peripheral service routine. Usually 
this service routine is involved with the exchange of data, or status and control infor- 
mation, between the CPU and the peripheral. Once the service routine is completed, the 
CPU returns to the operations from which it was interrupted. 


MODES OF INTERRUPTS 


7.3.1 Non-Maskable 


A non-maskable interrupt will be accepted at all times by the CPU. When this occurs the 
CPU finishes the current instruction and does a subroutine call to location 66H. Thus it 
behaves exactly as if it had executed a CALL instruction. 

The return instruction of a non-maskable interrupt service routine is RETN. 


7.3.2 Maskable 


Mode O 

With this mode, the interrupting device can place any instruction on the data bus and 
the CPU will execute it. 

Thus the interrupting device needs to provide the next instruction to be executed in- 
stead of the memory. 

Typically this isa RESTART or CALL instruction. 


Mode 7 
When this mode has been selected the CPU responds to an interrupt by executing a 
restart to location 0038H. 


Mode 2 

This mode is the most powerful interrupt response mode. 

With a single 8 - bit byte from the user, an indirect call can be made to any memory 
location. 

With this mode the programmer maintains a table of 16 - bit Starting addresses for every 
interrupt service routine. 
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This table may be located anywhere in memory. 

When an interrupt is accepted, a 16 bit pointer must be formed to obtain the desired 
interrupt service routine address from the table. The upper 8 bits of the pointer is for- 
med from the contents of the | register. The lower 8 bits of the pointer must be sup- 
plied by the interrupting device, which is typically programmable (PIO). 


7.3.3 Interrupt Servicing 


At some predetermined condition, such as data being strobed into a PIO port, a peri- 
pheral chip will generate a condition for interrupting the CPU. During this time the 
interrupt line will be pulled active low (INT) by the peripheral requesting the interrupt. 
The CPU will finish executing the current instruction and will send out an interrupt 
acknowledge. (INTA = [ORO . M1). 

During INTA the interrupt logic of the peripheral chip will determine the highest prio- 
rity port which is requesting an interrupt. This device than places the contents of its 8 - 
bit interrupt vector on the data bus for the CPU. 

The interrupt condition is maintained until the end of the INTA cycle. 

Lower priority interrupts are inhibited until the higher priority interrupting device de- 
codes an RETI instruction. 


113 


SGS-ATES GROUP OF COMPANIES 


INTERNATIONAL HEADQUARTERS 
SGS-ATES Componenti Elettronici SpA 


Via C. Olivetti 2 - 20041 Agrate Brianza - Italy 
Tel.: 039-650341+4/65044 1+5/650841=5 


Telex: 36141-36131 


BENELUX 

SGS-ATES Componenti Elettronici SpA 
Benelux Sales Office 

-B-1180 Bruxelles 

Winston Churchill Avenue, 122 

Tel.: 02-3432439 

Telex: 24149 B 


DENMARK 

SGS-ATES Scandinavia AB 
Sales Office: 

2730 Herlev 

Marielundvej 46D 

Tel.: 02-948533 

Telex: 35280 


FRANCE 

SGS-ATES France S.A. 
75643 Paris Cedex 13 
Résidence “‘Le Palatino’’ 
17, Avenue de Choisy 
Tel.: 5842730 

Telex: 021 - 250938 


GERMANY 
SGS-ATES Deutschland Halbleiter 
Bauelemente GmbH 
8018 Grafing bei Miinchen 
Haidling 17 

Tel.: 08092-691 

Telex: 032-527370 
Sales Offices: 

1000 Berlin 20 
Gatower Strasse 185 
Tel.: 030-3622031 
Telex: 01 85418 

3000 Hannover 1 
Lange Laube 19 

Tel.: 0511-17522/3 
Telex: 09 23195 

8000 Munchen 21 
Landsbergerstrasse 289 
Tel.: 089-582047 
Telex: 05 215784 
8500 Nurnberg 15 
Parsifalstrasse 10 

Tel.: 0911 - 49645 
7000 Stuttgart 80 
Kalifenweg 45 

Tel.: 0711-713091/2 
Telex: 07 255545 


115 


HONG KONG 

SGS-ATES Singapore (Pte) Ltd. 
1329 Oceah Centre 

Canton Road, Kowloon 

Tel.: 3 - 662625 

Telex: 63906 ESGIE HK 


ITALY 

SGS-ATES Componenti Elettronici SoA 
Sales Offices: 

50127 Firenze 

Via Giovanni Del Pian Dei Carpini 96/1 
Tel.: 055-4377763 | 

20149 Milano 

Via Correggio 1/3 

Tel.; 02-4695651 

00199 Roma 

Piazza Gondar 11 

Tel.: 06-8392848/8312777 

10134 Torino 

Via La Loggia 51/7 

Tel.: 011-634572 


NORWAY 

SGS-ATES Scandinavia AB 
Sales Office: 
Oslo 9 

Haavard Martinsens Vei 19 
Tel.: 10 60 50 

Telex: 11796 


SINGAPORE 

SGS-ATES Singapore (Pte) Ltd. 
Singapore 12 

Lorong 4 & 6 - Toa Payoh. 
Tel.: 531411 

Telex: ESGIES RS 21412 


SWEDEN 

SGS-ATES Scandinavia AB 
19501 Marsta 
Tingvallavaegen 9J 

Tel.: 0760-40120 

Telex: 042-10932 


UNITED KINGDOM 

SGS-ATES (United Kingdom) Ltd. 
Aylesbury, Bucks 

Planar House, Walton Street 

Tel.: 0296-5977 


~ Telex: 041-83245 


U.S.A. 

SGS-ATES Semiconductor Corporation 
Waltham, MA 02154 

240 Bear Hill Road 


Tel.: (617) 890-6688 


Telex: 923495 WHA 


Information furnished is believed to be accurate and reliable. However, no responsibility is assumed for the consequences of its use nor 


for an infringement of patents or other rights of third parties which may result from its use. No license is granted by implication or other- 
wise under any patent or patent rights of SGS-ATES. This publication supersedes and substitutes all information previously supplied. 


SGS — ATES GROUP OF COMPANIES 
Italy — France — Germany — Singapore — Sweden — United Kingdom — U.S.A. 
Printed in Italy by permission of Zilog Inc. 


ea aan 


116 


ORDER CODE: CLZ80 - MAN - ISTR 


